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THE PLAGUE OF CRICKETS IN ALGERIA. 


THE immense ravages of all the growing crops of 
in by a peculiar species of cricket, the Stauronotus 
Geressanse. which infests the eastern provinces of 
Algeria, were minutely described and illustrated in 
‘ile sournal on August 4, 1888. This destructive insect, 
bred on the dry and bare highlands of the Tell, has 
been deseending into the cultivated plains, toward the 
shores of the Mediterranean, during the past four years. 
Its shape and size, when full grown, are correctly re- 
anes in the pair shown (the largest of those in our 
llustrations) by the engravings in this number. Ite 
color is russet or reddish brown. The insect’s mouth 
is armed with two strong a hooks in the upper 
aw, moving horizontally, crossing each other like the 
lades of scissors. With these, having climbed a corn- 
stalk, they first quickly strip off the beard and husks 
of the ear of corn, which they allow to fall to the 
und ; and then cut open every grain, devouring on- 
Fy ite farinaceous part, and this to the last crumb. 
ive or six insects will ascend a cornstalk at once, till 
it bends under their weight ; millions and millions are 
in the fleld, swarming all sound, seeking an unoccupied 
stalk, for they will seldom eat the husks or the stalk 
itself. The female insect, which is much larger than 
the male, lays her eggs about the end of June or the 
beginning of July. She chooses dry and sterile ground, 
in which she bores a hole, an inch deep, by the instru- 
mentality of a valvular sucking tube at the extremity 
of herabdomen. Applying the end of this tube to the 
grains of earth or sand, which are loosened by its moist- 
ure, she lifts and removes them sticking to the tube, 
and continues the process till the hole is excavated. 
Then she deposits in the hole a cylindrical ovary, a 
case or shell of hardened mucilage, containing about 
forty eggs, very neatly packed together. The eggs re- 
main nine months in the earth, and are slowly hatched 
by the heat of the sun, till the spring of the following 
year, when a little white caterpillar comes out of each 
egg; it is speedily transformed into a cricket; and 
these insects, collecting rapidly over spaces of hundreds 
of miles, form vast and terrible armies, which begin 
their march as creeping things, but are presently fur- 
nished with wings as they attain the full size of adults, 
while they proceed in their devastating advance, guid- 
ed by some mysterious instinctive knowledge, to the 
corn-growing regions far distant from the land of their 
birth. 

The French government of Algeria last year com- 
menced an extensive system of preventive or defensive 
operations against this enormous mischief. A scienti- 
fic and practical commission, of which M. Kiinckel 
d’Herculais was president, was charged with the task, 
aod resolved to adopt measures both for destroying the 
young crickets, before they get their wings, and for 
collecting and destroying their An exact geogra- 
phical survey and map of the districts where the in- 
sects had laid their eggs having been prepared, the 
Arab tribes were summoned to form encampwments in 
those districts; and remuneration was promised to 
them, for gathering the eggs, at the rate of 1f. 50c. for 
the quantity of two décalitres, which is more than two 
pecks of English measure. This work continued from 
August to December last year, the total sum paid for 
it being nearly 600,000f.; but it did not suffice to pre- 
vent the reappearance of the living crickets, in some- 
what diminished numbers, in the spring of the present 
year. The government commission then resorted to the 
plan which was successfully employed in Cyprus, a few 
years ago, by the British odunitantive authorities 
there, against the plague of locusts. It is that of fixing 
up long bands of cotton cloth or calico, supported by 
sticks, and stretching asa fence, in some cases, across one 
inile or more of the country, to intercept the march of the 
yet unwinged insects; and also digging a trench in front 
of the barrier, so that the insects fall back into the 
trench when they fail to climb to the top of the cloth, 
and cannot afterward escape. Our illustrations show 
the appearance of these fences and trenches, of which 
nearly six thousand have been constructed at the ex- 
pense of the French government. Thecloth stands about 
2 ft. high ; its lower edge is fixed close to the ground, 
and its upper edge has a slippery border of waxed cloth, 
nearly four inches wide, kept moist by daily oiling. 
The insects cannot keep their hold on this oiled border, 


and inevitably drop back into the trench beneath, 
which is 3 ft. 8 in, — and of the same width, and 
the sides of which are lined with plates of zine. After 


about twenty-five minutes, the host of crickets still 
ae on to the barrier, over spaces left purposely 
tween the lengths of the trenches, each of which is 
only 7 ft. or 8 ft. long, all the trenches are full of masses 
of struggling insects. They are constantly watched by 
the Arabs, one of whom jumps into the trench, as soon 
as he sees it filled, and tramples them to death with 
his feet, while he thrashes the living mass with a heavy 
stick, or log of wood, till they are all dead and reduced 
to a hideous pulp, which is immediately dug out and 
carried away, leaving the trench empty to receive their 
successors. The apparatus, used on a vast scale in Al- 
geria, has cost many thousands of pounds sterling, the 
calico, the waxed and oiled cloth, the cords, stakes, and 
steel fastenings, and the plates of zinc being provided 
— French government; while 850 workshops and 
offices have been established, and nearly 100,000 people 
have been employed in this grand operation. They 
are guarded by detachments of French soldiers. This 
plan hae been attended with considerable success ; the 
quantity of living insects already destroyed, in the 
spring months of this year, was estimated at more than 
half a million cubic yards. It is hoped by these means, 
combined with destroying the eges, to put an end to 
the lamentable havoc of the grain crops in Algeria, 
which has caused great misery to an industrious agri- 
cultural nation.— Illustrated London News. 





ETHNOLOGY OF THE COAST INDIAN TRIBES 
OF ALASKA. 


By Ensign A, P. Nrenack, U.8.N. 


THE strip of coast territory extending from hy a 
Sound to Cape Saint Elias ond bordered on the east by 
the Cascade range of mountains, known in as 
the North west Coast, is a continuous archi about 
1,000 miles long and 150 miles broad. 


its 
narrow channels winds the steamer route to Sitka ant 
dotted along its shores are the picturesque winter vil- 
lages of the Coast Indian tribes, an ethnic group cor- 








responding to one of Bastian’s geographical areas, 
materially differing not only from t unting Indians 
= the interior, —_ in oe ——— some 
the most interesting problems in ant Topology. The 
northern Indians of this com ng the Tlingit, 
Haida, and Tsimshian, way be cal ving 
up; and the southern Indians, the Kwakiutl, Wa- 
ashan, and Coast Salish, the cedar bark group, such 
designations being based on the liarities of each in 
the use of wood and cedar bark, respectively, for in- 
dustrial, ceremonial, and other purposes. 

There have been three semi-official estimates of the 
Tlingit tribes of Aiaska. The earliest is that in the 
archives of the Hudson Bay Company under Sir James 
Douglas (1889), made by Mr. John Work, a factor of the 
company. The total as given, including the Kaigani 
tribes of the Haidan stock, and adding on the Sitka 
and Hoonyah, which were omitted, is 8,975. In 1861 
Lieutenant Wehrman, of the Russian navy, in the 
employ of the Russian American Company, compiled a 
census of Tlingit and Kaigani, giving the total popula- 
tion of free and slaves as 8,597. The third estimate 
appears in the Census Report of 1880, and places the 
Tlingit and Kaigani population at 7,225. That the 
enumeration is faulty goes without saying, when no 
real attempt was made to actually count them. What 
is needed is a census taken in the winter when the In- 
dians are gathered in the villages, and it should include 
the enumeration of the different sub-totemsand totems 
composing the great phratries of these tribes. This 
should be supplemented by an accurate oe 
of the Indian hunting and fishing grounds which have 
been held in the different families and handed down 
for generations. A collection of the various myths 
and traditions, with all the local variations, and a 
study of the significance of the carved wooden columns 
in the villages is also needed to throw light upon their 
intricate totemic system. The semi-religious sects and 
the elaborate ceremonials and dances would in them- 
selves constitute a special branch of study. In the U. 
8. National Museum is a magnificent collection of eth- 
nological material from this region. What is needed 
is a systematic governmental supervision of the collec- 
tion of anthropological data, and « comparison of re- 
sults with those obtained in the southern portion of 
this region.—Proe. U. 8. National Museum. 





ON THE MENTAL FACULTIES OF ANTHROPO- 
PITHECUS CALVUS.* 


THE female chimpanzee which has now been in the 
society’s menagerie for nearly six years has attracted 
general notice, not only on account of her peculiar 
zoological characters, but perhaps still more on ac- 
count of her high intelligence. his is conspicuously 
displayed by the remarkable degree in which she is 
able to understand the meaning of spoken language— 
a degree which is fully equal to that presented by an 
infant a few months before emerging from infancy, 
and therefore higher than that which is presented by 
any other brute, so far, at least, as I have met wit 
any evidence to show. Nevertheless, the only attempts 
that she makes by way of vocal response are three 
peculiar grunting noises—one indicative of t or 
affirmation, another (very closely resembling the first) 
of dissent or negation, and the third (quite different 
from the other two) of thanks or recognition of favors. 
In disposition she is somewhat capricious, though on 
the whole good humored, fond of her keepers, and ap- 
parently never tired of a kind of bantering play which 
off and on they keep up with her continually. By 
vocalizing in a peculiar monotone (imitative of the 
beginning of her own “ song”), they are usually able 
to excite her into the performance of a remarkable 
series of actions. First, she shoots out her lips into 
the well known tubular form (depicted in Darwin's 
“Expression of the Emotions,” p. 141), whileat the 
same time she sings a strange howling note interrupted 
at regular intervals; these, however, rapidly become 
shorter and shorter, while the vocalization becomes 
louder and louder, winding up to a climax of shrieks and 
yells, often accompanied with a drumming of the hind 
feet and a vigorous shaking of the network which con- 
stitutes her cage. The whole performance ends with a 
few grunts. 

A year or two ago it occurred to me that I might try 
some psychological experiments on the intelligence of 
this animal. The circumstances in which she is placed, 
however, did not prove favorable for anything like 
systematic instruction. Being constantly exposed to 
the gaze of a number of people coming and going, and 
having her attention easily distracted by them, the 
ape was practically available for purposes of tuition 
only during the early hours of the morning, before the 
menagerie is open to the public ; and, asa rule, I did 
not find it convenient to attend at that time. There- 
fore, the results which I am about to describe do not 
in my opinion represent what might fairly have been 
expected under more favorable conditions. If the 
chimpanzee could have been kept asa domestic pet 
fora few months (as 1 kept the cebus kindly lent me 
for the purposes of papelona observation by this 
society), there can be no doubt that many much more 
interesting results might have been obtained. Never- 
theless, it appears to me that even those which thus 
far have been obtained are worthy of being placed on 
record ; and although some of them have already been 

ublished a few months ago in my work on “‘ Mental 

volution in Man,” since that time some farther pro- 

gress has been made; and therefore in the present 

pease will state together all the facts which have 
n hitherto observed. 

Having enlisted the intelligent co-operation of the 
keepers, I requested them to ask the ape ‘ppeetediy 
for one straw, two straws, or three straws. she 
was to pick up and hand out from among the litter in 
her cage. No constant order was to be observed in 
making these requests, but, whenever she handed a 
number not asked for, her offer was refused, while if 
she gave the proper number, her offer was accepted, 
and received a piece of fruit as payment. In this 
way the was eventually taught to associate these 
three num with theirnames. Lastly, if two straws 
or three straws were demanded, ehe was taught to 
hold one straw or two straws in her mouth until she 
ee pee up the remaining straw, and then to 
the two straws or the three straws together. 


bd read bef the 
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pace apy possible error from her interpre- 
ion of vocal tones—an error which might well have 
arisen if each straw had been asked for separately. 

As soon as the animal understood what was required, 
and had learnt to associate these three numbers with 
their*names, she never failed to give the number of 
straws asked for. Her education was then extended in 
a similar manner from three to four, and from four to 
five. Here, for reasons to be presently stated, I allow- 
ed her education to terminate. But more recently one 
of the keepers has endeavored to advance her instruc- 
tion as farasten. The result, however, is what might 
have been anticipated. Although she very rarely 
makes any mistake in handing out one, two, three, 
four, or five straws, according to the number asked for ; 
and although she is usually accurate in handing out 
as many as sixor seven ; when the numbers eight, nine, 
orten are named, the result becomes more and more 
uncertain, so as to be suggestive of guesswork. It is 
evident, however, that she understands the words 
seven, eight, nine, and ten to betoken numbers higher 
than those below them; for if she is asked for any of 
these numbers (é. e. above six), she always gives some 
number that is above six and not more than ten; but 
there is no such constant accuracy mr in handing 
out the exact number named as is the case below six. 
On the whole, then, while there is no doubt that this 
animal can accurately compute any number of straws 
up to five, beyond five the a of her computa- 
tion becomes progressively diminished. 

It is to be noticed that the ape exhibits some idea of 
multiplication ; for she very frequently (especially 
when dealing with numbers above five) doubles 
over along straw so as to make it present two ends, 
and thus to appear astwo straws. Any of the com- 
paratively rare errors which she now makes in dealing 
with numbers below six are almost invariably due to 
her thus endeavoring to duplicate her straws. In this 
connection it is to be remembered that owing to the 
method above described (whereby the ape is required 
to place each straw separately in her mouth until the 
sum asked for is completed), when any high number is 
demanded a considerable tax is imposed upon her 

tience ; and, as her movements are deliberate while 

er store of patience is but small, it is evident toall ob- 
servers that the doubling of the straws is intended to 
save trouble by getting the sum completed with 
greater rapidity than is ible when every straw is 
picked up separately. Of course we do not recognize 
these doubled straws as equivalent to two straws, and 
therefore the A pmegmer j with which she endeavors to 
palm them as such is the more notewort «| as 
evidence of her idea of wultiplication. Moreover I am 
disposed to think that the uncertainty which attends 
her dealing with the numbers six and seven is more 
largely due to her losing patience than to her losing 
count ; although after seven I believe that her compu- 
tation of the numbers themselves becomes vague, or 
merged in a werely general idea of many. It may also 
be stated that, while picking up the straws and placing 
them in her mouth, ks looks only at the straws them- 
selves and not at the person who asks for them : there- 
fore she is certainly not actuated in her responses by 
interpreting facial expression, unconscious gesture, etc., 
as is no doubt the case with many dogs which on this 
account are sometimes accredited by their owners with 
powers of ‘“‘ thought reading.” It is needless to add 
that, after asking for the number of straws required, 
we remain silent till the ane has handed them out. 

It is not necessary—indeed it would be unreasonable 
—to sup that in this process of “ counting ” the 
ape employs any system of notation. We know from 
our own experience that there is counting and count- 
ing, @. ¢., distinguishing between low numbers by 
directly appreciating the difference between two 
quantities of sensuous perception and distinguishing 
between numbers of any amount by marking each 
perception with a se te sign. The extent to 
which the former k of computation can be car- 
ried in the case of man has been made the subject 
of a careful research by Prof. Preyer, of Jena (Siiz. 
Ber. d. Gesell. f. Med. u. Naturwiss., 1881). His experi- 
ments consisted in ascertaining the number of objects 
(such as dots on a piece of paper) which admit of being 
simultaneously estimated with accuracy, it was 
found that the number admits of being largely in- 
creased by practice, until, in the case of some persons, 
it may rise to more than twenty. But of course in the 
case of a brute it is not tote expected that such a 
high degree of proficiency even in this non-notative 
kind of ‘‘ counting ” should be attainable. The utmost 
that could here be expected is that a brute should ex- 
hibit some such level of ability as is presented by a 
young child or by those savages whose powers of ac- 
curate computation do not appear to extend further 
than numbers which we write as units.* It was 
in view of such considerations that I did not at- 
tempt to carry the education of this ape beyond the 
number five ; and the result which has attended sub- 
sequent endeavors to teach her numbers as high as ten 
is, as previously remarked, exactly what might have 
been anticipated. It may here be added that in the 
only records with which I am acquainted of animals 
exhibiting any powers of numerical computation, these 

wers have not extended beyond the number five. 
Thus. for instance, in his well known account of these 
powers as presen by rooks, Leroy says: ‘To de- 
ceive this suspicious bird, the a? was hit upon of 
sending two men into the watch house, one of whom 
passed out while the other remained to shoot the bird 
on returning to her nest ; but the rook counted and 
kept her distance. Next day three went, and again she 
perceived that only two returned. In fine, it was found 
necessary to send five or six men to the watch house in 
order to throw out her calculations.+” 

Again, Houzeau tells us that mules used in tramways 
at Nee Orleans have to make five journeys from one 
end of the route to the other before they are released, 
and that they make four of these journeys without 
showing any expectation of being released, but began 
to bray toward the end of the fifth.{ ——e the keeper 
of the eared seals now in the menagerie has recently 
taught one of these animals to “ count” as faras five. 


cession, which animal catches one by one. He 
throws them in series of fives, and before the commence- 


* See, for instance, Galton, “ Tropical South Africa,” p. 213. 
+” ” ete, 
+ “ Fac. Ment, des Anim.,” tom. il., p. 2. 
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ment of any series, he tells the seal to miss the first, the! Lord Chancellor delivered an eloquent speech on the 


second, the third, the fourth, or the fifth, as the on-on- 
lookers may dictate : the seal thereupon makes no at- 
cempt to catch the member of the series thus verbally 
indicated. It is only aday or two ago, however, that I 
witnessed this performance, and as yet I am not satis- 
fied that the seal really ** counts,” because it — to 
me probable that the keeper may unintentionally throw 
with some slight difference in his manner of throwi 
the piece of fish which he expects the seal to miss, an 
that it is really this slight difference in the manner of 
throwing which the seal perceives and acts 4 yaw 
Therefore, I intend to get an arrangement fit up 
whereby the pieces of fish shall be thrown mechanic- 
ally. But, whatever the result of this experiment may 
be, I think there can now no longer be any question 
that it lies within the capacity of animal intelligence 
to ‘‘ count” correctly (in the sense already explained) as 
far as five, and even to show a well 1narked apprecia- 
tion, although progressively a more and more uncertain 
one, of numbers lying between five and ten. 

The only other direction in which I have thus far 
subjected the chimpanzee to psychological experiment 
has been in that of attempting to teach her the names 
of colors. It appeared to me that if I could once suc- 
ceed in getting her thoroughly well to know the 
the names of black, white, red, green, and blue, a pos- 
sible basis might be laid for many farther experiments 
wherein these five colors could be used as signs of arti- 
ficially associated ideas. The result, however, of at- 
tempting to teach her the names of colors has been so 
uniformly negative, that I am disposed to think the 
animal must be color blind. It is perhaps desirable to 
state the facts which have led meto entertain this as 
their most probable interpretation. 


| occasion, and M. Naville, the discoverer of Succoth- 


Pithon, Bubastis, and other places of great historical 
importance in Egypt, characterized the discovery de- 
scribed by Professor Sayce as one of the most import- 
ant; and perhaps really the most important, of this 
century; and the Victoria Institate’s members were 
not slow in recognizing the value of their fellow-mem- 
ber’s work. At the second meeting, the members as- 
sembled to welcome M. Naville on his arrival in Eng- 
land after his discovery of the site of Bubastis and his 
exploration thereof. he business of this meeting was 
commenced by the election, as members, of several who 
had applied to join the Institute as supporters, in- 
cluding His Excellency Count Bernstorff, and several 
Australian and American associates, after which M. 
Naville himself described his own discoveries at Bubas- 
tis, for the first time in England, his last visit to Eng- 
land having been previous to those discoveries. The 
Society of Arts having most kindly placed their appa- 
ratas at the dis i of the Victoria Institate, he 
showed, by lime light, the photographs he had made 
on the spot. 

M. Naville commenced by quoting the prophecy of 
Ezekiel against Egypt, because it contained the 
names of the leading buried cities, the recovery of the 
records of which he is so desirous to obtain ; and here 
we may be permitted to digress for a moment to call 
attention to the fact that the authoress of the last 
published work in regard to the East declares that this 
prophecy had not been fulfilled according to the pro- 
phet’s words. Strange that the greatest and most suc- 
cessful Egyptian explorer of modern times should go 
to this very prophecy for light to enable him to find 





that which others had failed to discover! Taking the 


M. Naville, having referred to the head of a Hyksos 
king which he had sent to the British Museum, added 
that he had found two statues of Apepi, the Pharaoh of 
Joseph, and inscriptions in regard to the Pharaoh of 
the Exodus, and many others of high interest. But it 
would be im ible to refer to the mine of interesting 
matter in this r,and we can ouly congratulate the 
members of the Victoria Institute on possessing it ; it 
is certainly worth the whole year's subscription to pos- 
sess this one paper. M. Naville, in concluding, said ; 
**T cannot dwell at great length here on the events of 
the Exodus, yet I should like to mention that the sue- 
cessive discoveries made in the Delta have had the re- 
sult of making the sacred narrative wore comprehen- 
sible in many points, and in one especially in showing 
that the distances were much shorter than was gener- 
ally thought. I consider, for instance, it important to 
have established that Bubastis was a very large city, 
and a favorite resort of the king and his family. It is 
quite possible that, at the time when the events pre- 
ceding the Exodus took place, the king was at Bu 
tis, not at Tanis, as we generally believed.” 

Sir George Stokes, Bart., having conveyed the thanks 
of the members to M. Naville, a short discussion took 
place, during which Captain Francis Petrie, the honor- 
ary secretary, pointed out that what Professor Sayce’s 
o+ os had done as regards Assyrian and Babylonian 

\istory, M. Naville’s had done as regards moh wet his- 
tory. —_ were papers advancing the practical work. 
of the Institute in investigating emg po and scien- 
tifie questions, especially questions used by those who 
attacked the Bible in the nume of science ; and both 
would appear in the Journal, which would be presented 
at the Ilnstitute’s rooms,1A Adelphi Terrace, to all 








members and associates who were now on the list, or 














The method adopted in these experiments was to ob- 
tain from the importers of Oriental matting a number 
of brightly and uniformly colored pieces of straw—each 
piece being either white, black, red, green, or blue. 

Taking the straws two by two of different colors, on 
each occasion the ape was invited to chose the straw 
of the color named from one whose color was not 
named,and of courseon choosing apm | she was 
rewarded with a piece of fruit. In this way she quickly 
learnt to distinguish between the white straws and the 
straws of any other color ; but she never could be 
taught to go further. Now the distinction between the 
white straws and the straws of any other color is a dis- 
tinction which could have been drawn by an eye that 
is color blind ; and from the fact that the ape is always 
able to pereeive this distinction (she will seareh long 
aud patiently for a straw of any color when told that 
it oceurs somewhere in the general litter of white 
straws constituting her bed, and eventually picks it 
out), while she cannot be taught to distinguish any of 
the others, I conelude that her failure in this respect is 
not due to any want of intelligence, but to some de- 
ficiency in her powers of color perception. 





REMARKABLE DISCOVERIES IN EGYPT. 


THE two large July gatherings held in London, Eng- 
land, by the Victoria Institute are considered to have 
been of much importance. The President, Sir G. G. 
Stokes, Bart., President of the Royal Society, took the 
chair at both, and on each occasion the members 
crowded the large hall engaged to the doors. At the 
first meeting, Professor Sayce’s account of his exami- 
uation of the library brought by Amenophis III. from 





Assyria to Egypt, 34 centuries ago, was given. The 





A CRICKET TRENCH IN 


ALGERIA. 


last city named, he described how he found Pibsseth- 
Bubastis, how each day’s exeavating work brought 
him new relics, new inscriptions; how he found 
Raweses II., in the 19th dynasty, had, as usual, blotted 
out the names of previous Pharaohs, and put his own 
on everything, even on the statue of Pharaoh of the 
4th dynasty ; and how, by careful comparison, aided 
by the fact that Rameses II. had not been quite 
thorough in his appropriations, he had discovered 
which Pharaoh of the 4th dynasty the statue represent- 
ed. He came to the conclusion that Bubastis was 
founded at least as early as in the reign of Cheops, be- 
tween whom and Pepi, of whose influence there were 
traces, 500 years intervened ; 800 years after there was 
a transformation of the city in the 12th dynasty; in 
the 14th dynasty there was the invasion of the Hyksos 
or shepherds, who, from the statues of great beauty 
found, and from other evidences, must have been a 
highly cultivated ple, who, he considered, must 
have come from Mesopotamia. Dr. Virchow consid- 
ered that their nonuments represented Turanians, and 
Professor Flower considered them to represent ple 
of a Turanian or Mongoloid type, but that did not 
mean that the population itself was Turanian. Their 
worship and language was of a Semitic type, but the 
statues of their kings showed that they were not 
Semites. M. Naville added: ‘It was then what it is 
still now; and I believe that the conquest of Egypt 
by the Hyksos is not unlike what wou snopes at the 
present day if the Sepa of M ‘aunia overran 
the valley of the Nile; you would ve masses, in 
great majority of Semitic race. s gz a Semitic 
language, having a Semitic religion, and being under 
the command of Turks, who are not Semites but Tu- 





ranians.” 








who might apply to join after the 10th of July. The 
president, members, and associates then ei 
to the museum, where refreshments were serv 








(Natvunre.] 
THE PLANET URANDS. 


THAT anomalous section of the solar system, Uranus 
and its satellites, offers yet a wide field of investigation 
to astronomical specialists of all kinds. Its figure, its 
rotation, satellites, and physical constitution alto- 
gether are moot points, which should be more or less 
settled with the increased optical power now at our 


—— 
he circumstances attendant u the discovery of 
Uranus in 1781 (Phil. Trans., 1781, p. 492) are matters 
of common knowledge. The planetary nature of the 
supposed comet seems to have been first s ted by 
Maskelyne, and it was this suggestion that induced 
Lexell to calculate for it a cireular orbit in 1781 (Grant’s 
‘* History of Physical Astronomy,” p. 274). The elliptic 
elements of the planet were first calculated by Lap 
in 1782 (Mém. Acad. des Sciences, Paris, January, 1788). 

“he first neasures of the Uranian diameter were sin- 
gularly incon 8s. Herschel found it in March, 1781, 
to be 2"°58; while in the following month he measured it 
as 4°52 and 5°°2 (Phil. Trans., 1781, p. 494). A like dis- 
cordance occurred in the results obtained by other as- 
tronomers. Maskelyne fixed the magnitude of the 
apparent diameter as 3°, while Mayer, of Manheim, 
estimated it to be as high as 10’ (Grant's “‘ History of 
Astronomy,” p. 275). 

The difference between these measures of the dia- 
meter of Uranus would seem to be a consequence of 
the fact that it is always extremely difficult to get the 
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lanet clearly defined in the field of the telescope. | their bodies, as is the case with the sun, Jupiter and 

erschel himself noted (Phil. T'rans., 1798, p. 68), * the | Saturn,” 
Georgian planet is not so well defined as, from the ex-| The two inner satellites, Ariel and Umbriel, disco- 
traordinary distinctness of my present 7-foot telescope, | vered by Lassell, seem also to fluctuate in brightness, 
it ought to be. There is a suspicion of some apparatus | and Newcomb observed ip 1875 (**Washington Observa- 
about the planet.” tions,” 1875, p. 48): “‘I strongly suspect that Ariel, at 

Herschel several times had the impression that Uran- least, belongs to that class of satellites of which the 
us was surrounded witha ring. One of his observations | brilliancy is variable and dependent on its position 
is contained in the following( Philosophical Transactions, in its orbit. The evidence of variability of some 
1798, p. 68): ** My telescope is extremely distinct, and | kind seems indisputable, as I have repeatedly failed to 
when I adjust it upon a very minute double star, which | see it when the circumstances, distance from the planet 
is not far from the planet, I see a very faint ray, like a| included, were in every respect favorable, and when 
ring crossing the planet, ove: the center. This appear-| Umbriel, though less favorably situated, was visible. 
ance is of an equal length on both sides, so that [| On the other hand, there were two occasions, January 
strongly suspect it to be a ring. . . . I have turned | 28, 1874, and March 25, 1875, when it was surprisingly 
the speculum one quadrant round, but the appearance | conspicuous. Unfortunately no systematic record was 
of the very faint ray continues where it was before, so | made of the times when, being near greatest elongation, 
that the defect is not in the speculum nor is it in the | it was looked for and not seen; but on at least one 
eye-piece.” Later observations, however, led Herschel | such occasion its position angle was 180°. Aninspection 
to conclude that ‘* Uranus has no ring in the least re- | of the observations shows that out of the eight obser- 











sembling that, or rather those, of Saturn.” 

Following upon the observations as to the existence 
of a ring round Uranus, are found others relating to its 
polar compression, The flattening at the poles was first | 
observed by Herschel in February, 1794 (Phil. Trans., 
1798, p. 69), and announced in the following words: 
“ The planet seems to be a little lengthened out, in the 
direction of the longer axis of the satellite’s orbit;” and | 
again in April of the same year: “ The disk of the pla- 
net seems to be a little elliptical.” Midler measured 
the ellipticity in 1843, and found it 1/992 (Grant’s *His- | 
tory of Astronomy,” p. 278). Schiaparelli, in 1883, using 
two different —— i 4 obtained the results 1/10°98 and 
1/1094 (Astr. Nach., No. 2526). A few measures made 
by Young in the same year gave an ellipticity 1/14 
(General Astronomy,” Young, p. 367). The fact that 
the ellipticity was in the same plane as the major axis 
of the satellite’s orbit led Herschel to conclude from 
analogy with Jupiter and Saturn that “ the Georgian 
planet also has a rotation upon its axis of a considerable 
degree of velocity” (Phil. Trans., 1798, p. 71). Other | 
observers of the bulging out of the Uranian equator— | 
Schiaparelli, Young, Safarik—agree with Herschel in 
saying that the plane is coincident with that of the 
satellite’s motion, but the following observations of 
markings on the surface of Uranus Jead to an entirely 
different conclusion. 

Buffham noticed some bright markings on Uranus in 
1870-72 (Monthly Notices, vol. xxxiii., p. 164), and, from 
observations of their motion, deduced the time of rota- 
tion as twelve hours, but the plane of rotation was not 
coincident with that of the satellite’s orbit. This was 
borne out by the observation of dusky bands by Young 
in 1883 (‘‘ Princetown Observations,” 188%); of apparent | 
equatorial belts by the brothers Henry, in 1884 (Comptes | 
Rendus, t. xeviii., p. 1419) ; and observations in 1884, at 
Nice, of a bright spot by Lockyer, Perrotin, and Thol- 
lon (Comptes Rendus, t. xeviii., pp. 717, 967). The plane 
of rotution, according to these observers, is from 15° to 
40° from the trend of the satellite’s. Thus the difference 
between the two sets of observations amounts to nearly | 
half a right angle. Does the error lie in the observa- 
tion of the belts or in the measurements of the planet’s 
ellipticity and the satellite’s orbit? This is an enigma 
which yet remains to be solved, and another character 
of Uranus requiring investigation. 

Herschel made the first determination of the mass of 
Uranus in 1788 (Philosophical Transactions, 1788, p. 369), | 
and found it to be 17°740612 as compared with the earth, | 
or about 1/18,000 that of the sun. Bouvard found a} 
vaiue of 1/17,918; Lamont, in 1887, 1/24,605. Lassell’s ob- 
servations of the motion of the satellites gave a value 
1/20,897, while Struve’s observations gave a value 
1726,860. The mass, 1/22,600, found by Newcomb 
(* Washington Observations,” 1873), is probably the 
most correct, and he estimates that the probable error 
in the denominator is not mure than 100. This mass, 
revolving round the sun at a mean distance of about | 
1,800 millions of miles, must exert considerable influence 
upon bodies near it, influence which may often predo- 
minate over that of the sun. 

But it is the question of Uranian satellites that is so 
enigmatical. erschel discovered two on January 11, 
1787 (Phil. Trans., 1787, p. 125 et seq.), and in 1798 an- 
nounced the discovery of four more. Regarding the 
real existence of these four, Herschel remarks (Phil. 
Trans., 1798, p. 66): ‘It remains now only to be men- 
tioned that, in such delicate observations as these of 
the additional! satellites, there may possibly arise some 
doubts with those who are very scrupulous; but as I 
have been much in the habit of seeing very smal! and 
dim objects, I have not been detained from publishing 
these observations sooner, on account of the least uncer- 
tuinty aboul the ewistenve of these satellites, but merely 
because I was in hopes of being able soon to give a 
better account of them, with regard to their periodical 
revolutions.” 

Sir John Herschel observed the two brightest satel- 
lites between 1828 and 1832 (Mem. Ast. Soc., vol. viii., p. 
1); but “of other satellites,” he says, than these, *'I 
have no evidence,” although the telescope he was using 
was precisely similar to that used by his father. A 
systematic search was made by Lassell for the lost 
satellites, and a definite announcement of the discovery 
of two satellites between Uranus and the two brightest 
was made in 1851 (Monthly Notices R.A.S., xi., 248). He 
declares, however, that it would have been impossible 
for Sir William Herschel to have seen these two faint 
bodies; and although Prof. Holden has attempted to} 
identify the two with two of Herschel’s quartet, the 
balance of evidence is certainly to the contrary, and 
we are bound to conclude that no one has ever seen the 
four but Herschel himself. 

Herschel announced in 1798 (Phil. Trans., 1798, p. 48), 
the retrograde movements of the Uranian satellites in 
the terse paragraph, “I take this opportunity of an- 
nouncing that the movement of the Georgian satellites 
is retrograde.” The fact that their orbits were inclined 
about 80° to the ecliptic plane was discovered in 1788. 

Herschel also particularly noticed that the light of 
the two brightest satellites was subject to considerable 
fluctuations, and in 1815 (Phil. Trans., 1815, p. 356) he 
suggests for a cause that given by Newton in the 
** Principia” to aceount for the periodical variability of 
certain stars. His conclusion was: ‘The variable 
brightness of the satellites may be owing to a rotation 
upon their axes, whereby they alternately present dif- 
ferent parts of their surface to our view. These varia- 
tions may also arise from their having atmospheres 


that occasionally hide or expose the dark surface of 











| relative brightness. 


vations only two were made near the southern elonga- 
tion ; while in the two cases where its brightness was 
most remarkable, the position angles were respectively 
348° and 351°.” 

The time of revolution of Ariel is 2°520878 days at a 
mean distance of 120,000 miles ; its diameter is about 
500 miles, 

Herschel also observed that these satellites became 
invisible some distance from the planet’s disk (Phi. 
Trans., 1798, p. 75); thus, on February 22, 1791, the first 
satellite was lost when 22" from the planet. This dis- 
tance was not, however, constant, for on May 2, 1791, the 
same satellite disappeared at an apparent distance 19"'8. 
A table is given oien at what distance from the 
planet the first and second satellites respectively be- 
came invisible during a period of seven years. A fact 
exhibited by this table is that the distance at which 
the satellites disappeared regularly diminished from 
1791 to 1797, until in the latter year the first satellite 
was traced to 4"°8 from the planet’s disk. The reason 
assigned to account for this phenomenon by Herschel 
was that the light of the satellites was ‘“‘ put out” by 
the stronger light of their primary, and regarding this 
he remarks (Phil. Trans., 1798, p. 78): ‘* We may avail 
ourselves of the observations that relate to the dis- 
tances at which the satellites vanish, to determine their 
The second satellite generally ap- 
pears brighter than the first ; but as the former is usu- 
ally lost farther from the planet than the latter, we may 
admit the first satellite to be rather brighter than the 
second.” The diameters of the first and second satel- 
lites are about 1,000 and 800 miles respectively, hence 
Herschel’s comparative measures were correct. 

R. A. GREGORY. 





A HYDROSTATIC BALANCE. 
THE balance which we here illustrate consists essen- 
tially of a vessel provided with one narrow tubulure 






































Pudualyica, 


opening, and suspended so that the tubulure is down- 
ward, and when filled with liquid none will escape. 
Within this is asecond vessel, closed and made of such 
light material that it readily floats in water. To the 
lower end of the inner vessel is suspended a tine wire 
which passes through the tubulure of the outer vessel, 
which is attached to a nozzle. When the nozzle is un- 
screwed, and the vessel is turned up, the space sur- 
rounding the float can be readily filled with water. 
The diameter of the tubulure is3mm.,so that the 
water will not flow out even if the apparatus is shaken 
or rolled about on a table. 

When the balance is hung up, the inner vessel or 
float will tend to ascend within the liquid ; and if, as 
shown in Fig. 1, we hanga pan on the wire, and place 
weights on the pan, we find that wecan add weights 
up toacertain amount, when the pan will begin to 
descend with the float within the vessel. The weight 
required to cause the pan to just begin to descend may 
be assumed to be constant and equal to W, which is 
equal to the weight of a mass of water having a vol- 
ume equal to that of the float minus the weight of the 





float, of the wire, and of the pan attached to the wire. 
Hence we can ascertain the weight of any mass which 
is not heavier than W, for the arrangement is equiva- 
lent to using a balance one arm of which is loaded with 
a constant weight, W. 

In order to weigh any substance, it is placed in the 
pan, and weights are added until the pan begins to de- 
scend, when we know that a total weight, W, is in the 
pan. If wis the weight added, and 2 the weight of 
the substance, then 2=W—w. Practically, W is a 
quantity which is not constant, but varies with the 
temperature of the float and of the water, so that when 
accurate results are required, we cannot assume any 
constant for the balance, but must make a new deter- 
mination of W for every determination of w. This, 
however, can be very easily done by the well known 
method of substitution. 

The apparatus is identical in pete with Nichol- 
son’s hydrometer used as a weighing machine, the hy- 
drometer being inverted while retaining the liquid. By 
inverting the hydrometer we get this important differ- 
ence, that while formerly the stem supporting the pan 
was in compression it is now in tension, and hence may 
be made extremely fine, as it does not require to be 
stiff, and the effect of the adhesion of the liquid is ma- 
terially reduced. The effect of the friction of the wire 
against the collar of the tubulure is found in practice 
to be so small as to be inappreciable. In Fig. 1 a col- 
lar of burnished agate was substituted for the brass 
collar of Fig. 2, but with hardly any measurable dif- 
ference in the result. 

In the balance shown in Fig. 1 the float is a sphere 
of light blown glass weighing about 12 grammes and 
about 6°3 em. in diameter. The outer vessel is of brass, 
parting in a serew joint into hemispheres. The double 
pan, suspended by alight brass wire 0°9 mm. in diame- 
ter, is of brass, and with the suspending gear weighs 
about 11 grammes. The balance is protected from 
draughts and sudden changes of temperature by a 
glass case, from the roof of which it hangs freely. The 
weights are introduced at a half door in the lower part 
of the case, which does not require leveling screws. 
The balance will estimate the weight of 100 grammes 
to an accuracy of 100,000. 

In Figs. 1 and 2 there is shown a double-eyed link 
to which the suspension wire is attached, and which 
runs through an eye which prevents the float reaching 
either to the top or bottom of the containing sphere 
or vessel, and also in case the wire should break arrests 
the descent of the pan. Figs. 3and 4 show two bear- 
ings for regulating the amount of motion; in Fig. 3 
there is contact at two points, when the link is at either 
limit ; in Fig. 4 there is contact at one point only. 

In the balance shown in Fig. 2, there is no provision 
made for the effects of variations in temperature, and 
any considerable change in temperature will either 
draw air into the containing vessel or expel some of the 
contents. The effects of slight changes of tempera- 
ture are not important. Thus, with concentric spheres 
of brass, the inner having a diameter of 7 cm. and 
displacing 179 gramines, and the outer having a dia- 
meter of 9 cm., the intervening space being filled with 
water, a change of temperature of 1° C. will displace 
14 cubic mm. of water, or about half a drop. The 
entry of a little air will do no harm ; it merely rises to 
the top of the vessel, and in no way interferes with the 
truth of the observations, while a little expelled water 
is easily dried off. If it is desired to have the apparatus 
compensated, an arrangement such as that shown in 
Fig. 1 will answer the purpose. Here an expansion 
reservoir is provided, which surrounds the tubulure 
and communicates with the interior of the sphere by 
a narrow tube reaching nearly to the bottom of the 
reservoir. Hence, when the temperature rises, the 
reservoir receives the expelled water; when the tem- 
perature falls, it parts with some of its contents, and no 
water is lost. 

The apparatus may be used for determining the 
specific gravities of solids by using a small claw for 
supporting the substance under water. This is sus- 
pended by a fine wire from a hook beneath the pan. 
The substance is first weighed in the pan, the claw 
being attached and immersed in a vessel of water 
placed underneath. On transferring the substance to 
the claw an increased weight will be required to pro- 
duce equilibrium, which increase is evidently the 
weight of displaced water. This balance is a great im- 
provement on the ordinary ones, combining as it does 
great delicacy with cheapness and compactness. It 
was invented by Mr. J. Joly, B.E., Trinity College, 
Dublin.—Jndustries. 


PYROMETERS. 

THE methods employed for the determination of 
high temperatures—the temperature of furnace fires, 
flue gases, molten metals, ete.—may be divided into 
four classes: (1) Those which depend for their indica- 
tions upon a change of dimensions of a body employed 
in the test; (2) those based on the amount of heat 
imparted to a body of water or air by the heated 
body ; (8) those depending upon the melting points of 
metals and metallic alloys; and (4) those dependent 
vor. the measurement of the electrical resistance of 
metals. 

The first method was employed by Wedgewood, who 
constructed, in 1782, the first instrument by which 
high temperatures could be measured with any ap- 
proach to accuracy. His instrument is based on the 
property possessed by clay to contract when exposed 
to high heat, an effect which is believed to be due 
partly to the loss of its water, and partly to the pro- 
cess of vitrification which sets in subsequently. It 
has been found, however, that the assumption by 
Wedgewood, that the contraction of clay is propor- 
tional to the degree of heat to which it is subjected, 
is incorrect; and that a long continued heat of mod- 
erate intensity will cause the same amount of con- 
traction as a more intense heat fora shorter time; 
and, further, that different clays differ considerably 
in the degree of contraction which they suffer when 
subjected to the same temperature. For these reasons 
the method of Wedgewood has been abandoned in 
scientific measurements, as unreliable, although it 
gives results in many cases approximating sufficiently 
to the truth for all practical purposes. 

In the pyrometer of Daniell the temperature is 
measured by the expansion of a metal bar inclosed in 
a black lead earthenware case. The metal of the bar 
is either platinum or soft iron. The expansion of the 
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bar causes the motion of an index of porcelain on a 
suitably graduated scale. The second method, which 
is that most generally in use in metallurgical opera- 
tions, consists In placing a mass of platinum of known 
weight in the medium whose temperature is to be 
ascertained, and when it has acquired the same tem- 
perature, plunging it into a body of water of known 
weight and temperature. From the indicated rise of 
temperature of the water, the known relation between 
the weights of the platinum and the water, and their 
relative specific heats, the data are given for the 
estimation of the temperature to which the platinum 
was originally heated. 

A method similar in principle to this is in common 
use to determine the heat of furnace and flue gases. It 
is based on the plan of mingling with the heated fur- 
nace or flue gases a definite volume of air of known 
temperature, the assumption being that if an equal 
volume of air is mingled with the hot gases, their tem- 
perature will be reduced one-half; if twice the volume, 
two-thirds ; if three times, three-fourths ; if nine times 
the volume, nine-tenths, ete. By thus mingling a large 
volume of cold air with the hot gases, the temperature 
of the mixture will be reduced sufficiently to permit it 
to be measured by means of thermometers or by the 
expansion of a metal bar. 

The third method, based on the melting points of 
certain metals and alloys, is practiced by simply sus- 
pending in the heated medium a piece of metal the 
melting point of which is known, or, if necessary, sev- 
eral pieces of different (but known) melting points. 
According to the observations of the pieces which are 
melted, and those which continue te remain solid, the 
temperature of the medium may be ascertained within 
a very narrow limit of error. 

The fourth method is a much more refined and scien- 
tific one, devised by Siemens, and is based on the prin- 
ciple that the electrical resistance of metals stands in a 
certain relation to the temperature, an increase of the 
latter causing a corresponding increase of resistance. 
The resistance of a given piece of metal of known mate- 
rial and dimensions being ascertained by measurement 
with the aid of suitable apparatus, its resistance for 
any given temperature can be calculated, and vice 
versa. This treatment will be found described in the 
special treatises on electricity. 





THE RAILWAYS OF INDIA. 

InpDIA has now 16,000 miles of railroad, says Frank 
G. Carpenter, the newspaper correspondent, in a re- | 
cent letter from Bombay to the Salt Lake Herald. It 
is as far from Caleutta to Bombay as it is from New | 
York to Denver, and several trunk lines cross Hindo- | 
stan from one city to the other. There are branches 
from these which go up the Himalaya mountains al- 
most to the borders of Thibet, and others which shoot 
off to the Khyber Pass at the entrance to Afghanistan 
and not a great distance from the new Russian tail way, 
which has been pushed on past Samarcand. South | 
India has many long lines of railroads, and the whole | 
of Hindostan, which is half the size of the United 
States, has a railroad net covering it. The construc- 
tion of these railroads has included engineering works 
fully as grand as the railroad making of the United 
States, and the keeping of them in order is more| 
difficult. One of the great plagues of India railroad | 
makers is the white ant. These insects eat every | 
dead thing in wood form above ground. Ifa pile of | 
wooden ties is left over night, an attack of ants will | 
have carried it away by morning, and there is no pos- | 
sible storage of wooden ties. Such ties as are in the | 
roads are saved from destruction by the vibration 
caused by the running trains, which scares the ants 
away. It is the same with telegraph poles and fences, | 
and the result is that the ties of most of the railroads | 
are made of iron. 

I have traveled about three thousand miles over all 
kinds of railways in India. The telegraph poles on | 
many of the lines are hollow tubes of galvanized iron, | 
about as big around as the average man’s calf, so made | 
that they fit into one another and form a pole about 
10 ft. high. To these poles the lines are strung, and | 
many of the roads use such poles throughout their en- | 
tire length. On the other lines the telegraph poles | 
are T iron rails, the same as those on which the car 
travels. Two of these rails are fastened together by bars 
about a foot wide and then this iron work is set deep 
in the ground and the wire strung upon it. About 
some of the stations the fences are made of such iron 
rails, and through hundreds of miles along one of the 
rajah’s railroads in western India I found fences of 
barbed wire with sandstone posts. These posts were 
a foot wide and four inches thick, and they stood about 
three feet above the ground. The wires ran through 
holes in them, and the railroad men tell me that they 
are much cheaper than wood. 

I am surprised at the magnificence of the railroads 
in India. Here at Bombay there is a finer railroad 
station than any we have in the United States. It 
cost about one million dollars, and architecturally it is 
the peer of any building at Washington. At Calcutta 
there are fine depots, and even at the smallest of the 
towns you will find well made stone buildings sur- 
rounded by beautiful gardens in which bloom all kinds 
of tropical flowers. Nothing about these stations is 
made of wood. The platforms are of stone filled in 
with cement, and the cars run into the stations on a 
plane about two feet below the floor and so that the 
floor of the cars is just even with that of the depot. 
Each station has its first, second and third class wait- 
ing room, and everything in India goes by classes. 
The cars are first, second, third and fourth class, and 
they are all on the English plan. They are about two- 
thirds the length of our cars and a trifle wider. They 
are not so heavy as the American passenger coach and 
ov look more like wide, long boxes than anything 
else. 

Each of these cars is divided into compartments. 
There are only two compartments to the car, and the 
chief difference in these two classes is in the number 
allowed in the compartment. If you will imagine a 
little room about 10 ft. long by 5 ft. wide, with a roof 
7 ft. high, in the center of which there is a glass globe 
for a light, you may have some idea of the Indian first 
class car. You must, however, put two long, leather 
covered, cushioned benches along each side of this 
room and at the end of these have doors with glass 














windows in them, opening inward. Over the cush- 
ioned backs of the benches there are windows which 


are let up and down like those of the American street 
car and which are of the same size. The car has none 
of the finish of the American Pullman, and though 
you are expected to sleep within it there are no signs 
of bedding or curtains. At the back of it there is a 
lavatory without towels, soap or brushes, and there is 
barely room enough for you to turn around in it when 
you are washing. The second class cars are much the 
same, and there may be one second class car and one 
first on the same coach. 

Every man carries his own bedding with him in 
India, and these Indian cars give you nothing else but 
alounge on which to spread a cotton comforter, a 
shawl orarug. You carry your own pillows, and the 
bedding of half adozen passengers would fill a car. 
Each traveler of the first and second classes brings the 
most of his baggage into the train with him, and there 
is often as much as the contents of au American bag- 
gage car in one of these compartments. No one un- 
dresses, but all lie down with their clothes on, pull 
their shawls over them and sleep the best they can. 
Women traveling alone universally go into compart- 
ments reserved for women, and men traveling with 
their wives have often trouble in keeping together. 
This luggage being brought into the cars and the 
trouble about getting and holding seats lead us to the 
necessity, which exists in India, of traveling with a 
servant. All English and American travelers carry 
one or more servants along with them, and in figuring 
up your railroad fares you must add to the fare of the 
class by which you travel a third class fare for your 
native servant. 

Only rich natives travel second class in India. The 
bulk of the first and second class travel is made up of 
English and Americans. The natives, as a rule, go by 
the intermediate or third class, and the third class fares 
here are the cheapest in the world. They are by or- 
dinary trains less than one-half cent per mile and by 
mail trains only nine-sixteenths of a cent. Still the 
third class passengers at. this low rate pay more to*the 
roads than either the first or second class, and rail- 
road managers tell me they believe it will pay to re- 
duce this rate much lower than it now is. Here in 
India there is a vast difference between the prices of 
the various classes. First class is, on the great Indian 
peninsula railruad, which is a fair type of the whole, 
two and one-half cents per mile. Second class is just 
one-half this rate, and intermediate one-half of second 
class. Third class is one-half the intermediate, and the 
third class pays. The third class cars carry thirty-two 
passengers. They are divided into compartments with 
benches uncushioned, running so across the car that 
the passengers face each other, and the passengers are 
packed in as close as sardines. They are always full, 
and the East Indians travel as much as do the citizens 
of the United States. I have yet to find a train in 
which the third class cars were not packed, and many 
of those upon which I rode had three times as many 
third class cars as first and second class. Each native 
carries with him a bundle containing his brass pot, 
out of which he drinks, and often the pans with which 
he cooks his food. 

The Hindoo women travel as lightly as the men, but 
the two sexes are never put into the same cars. There 
are closed cars on all of the trains for high caste Hindoo 
women, and these have windows of blue glass in the 
first and second classes, which permit the women to 
look out, but which prevent the men from looking in. 
In some of the cars the windows of the women’s com- 
partments are so fixed with shutters that there can be 
no looking out, and in the train which carried me to 
Darjeeling there was one car covered entirely with 
canvas as thick as that of a circus tent. This contain- 
ed Hindoo women, who, as they rode up the Himalaya 
mountains through the finest scenery in the world, were 
thus shut in the stuffy darkness of this tent-like car 
aud saw no more of the grandeur of nature about 
them than they would have seen had they been tied 
up in so many leather bags and sent along as mail. 

One of the greatest roads in India is the East India 
Railway. This railway has a curious method of in- 
vesting a percentage of the wages which it pays its 
hands, which is found to work both to the advantage 
of the railway and the employes. Wages are very low 
in India, but through this method many of the em- 
ployes have becomerich. Allof the hands whoreceive 
over 30 rupees or $10 a month have to pay 2 percent. 
of their earnings into a certain fund. They can pay as 
much more than 2 per cent. as they please. The road 
receives the money, pays interest on it, and upon their 
leaving the service honorably gives them back double 
the amount they have paid in, with interest. This 
seems incredible, but I am assured it isso. An Eng- 
lish clergyman told me that he knew a railroad em- 
ploye who went in at $10a month and who will soon 
take out $5,000. This method was entered into at the 
time the railroad was built. The managers were hard 
up for capital, and they wished to bind their hands to 
them. The company is now prosperous, and it keeps 
up the same system. I find that section men work 
here for from three to five cents a day, and that the 
roads can get all the men they want at these prices. 
Engineers work on time and distance, and they are 
about the highest paid of the railroad employes. They 
get about $70 a month while running regularly, but 
they can increase this by extra running to $85 and 
$100 a month. The Indian railways have no conduct- 
ors in our sense of the word. The tickets are collected 
and examined by men at the various stations, and the 
guard who manages the train in other respects has 
nothing to do with the tickets. Such guards get about 
$25 a month, and on the smaller railroads they receive 
from $7 to $20a month. The most of the guards are 
natives or half breeds, while a majority of the engi- 
neers are English. I don’t think the English engineers 
are as well posted as our American ones. I asked one 
of them the weight of his engine. He stammered and 
replied that he did not know. The engines here are 
lighter than ours, and the whole equipment of the 
railroad is upon a smaller seale. Most of the freight 
cars are made of iron, and you could crowd three of 
them into one American caboose. They carry on an 
average about six tons, have no trucks and only four 
wheels. None of these freight cars are managed by 
brakes from the top, and you see no brakemen trotting 
along on the tops of the trains. Freight in India is 
measured by the mound, or 80 Ib. 

Nearly ali the railroads in India are under the gov- 
ernment, and many of the roads were built by the 
government guaranteeing 5 per cent. to the stock- 





holders on the condition that the profits above 5 per 
cent. shall be equally divided between the government 
and the stockholders. Over others of the roads the 
government has a sort of ‘a control, and the result is 
that the’ tenure of place on the railroad is much the 
same as that of the civil service of England. Men ex- 
pect to stay a lifetime when.they enter the railroad 
service, and there is no danger of their discharge dur- 
ing good behavior. There are nd strikes in India, and 
a position on the railroad is considered very desirable 
by the natives. The laws are, on account of the 
government owning the roads, almost altogether in 
favor of the road, and our farmers would rise in indig- 
nation atsome of them. Ifan American has a cow 
killed on the track of a road running through his farm, 
the railroad company pays well for it. In India the 
owner of cattle found trespassing on the railroad is 
liable to a penalty of $3.50 for each animal. Any man 
who drives an animal across an Indian railway, except 
at certain appointed times and places, is liable to a fine 
of $17, and any man who enters a car reserved for fe- 
males can be fined $35. The wan who tries to get on 
a train here after it is started will be fined $7, and any 
one who attempts to defraud the railroad company in 
any manner is liable to a fine of $16. The postal cars 
are in the middle of the train, and the postal clerks are 
natives. It takes about twice as many clerks to man- 
age the mail as with us, but the service is much cheap- 
er. The head clerk gets about 70 rupees a month, or 
less than $30, and the others receive from $10 to $20a 
month. Letters are sorted on the train, and extra 
postage is charged for the posting of letters at the 
trains just before the car starts. 








THE ENGLISH ENGINE ON THE PENNSYL- 
VANIA RAILWAY. 


Ir is very probable that within a short time Ameri- 
can locomotive builders will take a jeaf from the Eng- 
lishmen that will make an important change in the 
style of locomotives in use in this country. Some 
time ago the Pennsylvania Railroad ordered from a 
firm of English locomotive builders an engine of the 
type that has for several years been commonly in use 
upon English railroads and to some extent upon Con- 
tinental lines. The locomotive was built and sent over 
here in sections. English machinists came along to set 
it up in the a shops at Altoona, and an Eng- 
lish engineer and fireman were on hand to run it when 
it was ready. It was tried fora while on the Pitts- 
burg division, west of Altoona, and then, when it was 
certain that it was in perfect running order, it was 
brought east, its English driver and stoker were sent 
home, and it was turned over to the motive power de- 

vartment of the New York division to be put to regu- 
ar work to see what could be done with it. 

In appearance it is the typical English engine, heavy 
looking and dull, with its working parts well out of 
sight. It is just as it would appear on an English road, 
except that a cow catcher has been added to its front 
and a bell set up on its boiler. It has asingle front 
wheel on each side, instead of the two customary on 
American locomotives, and they are hung on what is 
known asa radial axle box, which is merely another 
contrivance for making the truck swing trealy around 
a curve, which is accomplished in the American loco- 
motives by the use of a pivotal bearing for the truck, 

At a casual glance the drive wheels do not look un- 

like those of an American engine, but the really im- 
portant thing about the locomotive is in them and tie 
way they are operated. Each set of wheels is inde- 
= of the other, instead of the two pairs being 
inked together by bars. The rear pair of wheels is 
connected with a cylinder similar to that of American 
engines, but placed lower down and between the front 
truck and the front driver. There are two cylinders, 
one on each side. Between these twoand underneath 
the boiler is a third cylinder, the rod from which con- 
nects with acrank in the axle of the front drivers. 
The steam from the boiler goes first to the pair of cy- 
linders connected with the rear drivers. When it has 
done its work in them, it still retains considerable 
“life” or expansive power, and instead of passing off 
into the open air, asin the ordinary locomotive, it is 
turned into the third cylinder, where the rest of its 
force is exerted upon the front drivers. 

On account of this double use of the steam the lo- 
comotive is called a compound one, although this is 
not strictly accurate, as a compound engine has a con- 
denser attached to turn the exhaust steam into water, 
so that it may be used over and overagain. The Eng- 
lish locomotive is really a double expansion one, but 
not compound. The double expansion system has long 
been used on marine engines, and has been extended 
until triple expansion engines are now generally used 
on fast boats, but the necessity for economizing space 
and weight has untif recently prevented the com- 
pounding of railway engines. 

These are some other figures that will give an idea 
of the style and build of the Pennsylvania, which is 
the name of the English locomotive: Diameter of 
drivers, 75 inches ; diameter of cylinders, high pressure 
(outside ones), 14 inches, and Jow pressure (inside one), 
30 inches ; length of stroke, 24 inches; height of stack 





above top of rail, 12 feet 10 inches; width over all, 8 
feet 24g inches; length over all, engine and tender, 52 
feet 7 inches; weight in working order, 99,350 pounds ; 
weight of tender, loaded, 57,850; steam pressure, 175 
pounds 

The loccmotive has now been running nearly a week 
on one of the hardest runs in this part of the country. 
It takes the Long Branch special out of Jersey City at 
3:52 o’clock every afternoon and brings it back next 
morning. It is a heavier train than the average fast 
passenger train, and its time for the run of forty-eight 
miles is 68 minutes. Besides four heavy grades, this 
includes a fifteen mile an hour run for one and a quar- 
ter miles out of Jersey City, and slow-ups through 
Newark, Elizabeth, and South Amboy, and at three 
drawbridges, three interlocking switch cross-overs, and 
four grade crossings of other roads. The English loco- 
motive has made this run regularly, and as well in 


every respect as the best American locomotives can do 
it. yond this its work is improving every day, as 
the engineers get more accustomed to it. The engi- 


neers themselves, and the firemen, naturally don’t like 
it. It has no cab, and although this has been partially 





remedied by the extension of the little shelter 
twenty two inches further back, it is still a very un- 
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comfortable machine to ride in, especially if it rains. 
Besides this, its attachments are all different from 
those in our American locomotive, claumsier and less 
convenient. P 

These are matters of detail, however, and have noth- 
ing to do with the value of the compound principle, 
which is really all that is being tested in the engine. 
The foremen, superintendents, train masters, and 
others, who are really the authorities to determine as 
to the success or failure of the new locomotive, are 
delighted with its performance, and believe that the 
compound principle will ultimately be adopted for all 
the Pennsylvania locomotives. his does not mean 
that locomotives like the English one will be built, but 
that the English principle of using the steam twice 
will be adapted to the American style of locomotive, 
which will not be a dificult thing to do, and will 
involve no serious alteration in the appearance or 
conveniences of the American machine. The final 
test will be made under the direction of the general 
superintendent of motive power, from Altoona, and 
wih consis of complete and exhaustive experiments 
to determine just the amount of coal, water, oil, labor, 
and other things necessary to obtain a certain amount 
of power from the new locomotive. If these experi- 
ments prove what is generally believed by engineers 
now, that the compound type will produce consider- 
ably more power at less cost than the style of engines 
at present in use, then the compound system will be 
adopted at once by the Pennsylvania Company and 
aamiied to all its locomotives as rapidly as possible. It 
is likely to bea year, however, before such a step is 
fully determined upon. 

One thing that has been discovered in the use of the 
Pennsylvania in regular service is that an English 
locomotive won't stand the wear and tear of American 
tracks. The engine is too rigid and provided with too 
short springs to make an easy runner over our roads 
The racking it gets on rough bits of track makes neces- 
sary frequent trips to the shops for trifling repairs.-—N. 
Y. Sun. 


ON THE LIMIT BETWEEN POLARIZATION 
AND ELECTROLYSIS.* 


Note by M. H. PELLAT, presented by M. LIPPMANN. 


LET us designate by M the electromotive force that 
must be introduced on the circuit which connects the 
two wercuries of a Lippmann electrometer in order to 
render maximum the capillary constant of the small 
mercury. In the case in which the liquid of the elee- 
trometer is an acid, I have proved that the electrolysis 


of this acid is produced as soon as the electromotive | 


force, E, introduced into the cireuit is above M. In 
fact, hydrogen never appears when we get E < M, 
whereas it may appear, with the necessary precautions, 
as soon as we get E > M. We may often considerably 
exceed the electromotive force, M, without the hydro- 
gen bubble forming ; but electrolysis is produced aill 
the same : if the hydrogen does not appear under the 
gaseous form, it is due to the general law that a gas 
ean only be produced in a visible form in a liquid if 
there exists a gaseous bubble the diameter of which is 
above a certain limit; then, most probably, a highly 
saturated solution of hydrogen will be produced. This 
extreme saturation is avoided by creating a hydrogen 
bubble by an electromotive force far higher than M; 
the electromotive force is then brought back rapidly 
to a lower value, E; we then find that if E is lower 
than M, the bubble does not increase in size ; whereas, 
if E is higher than M, the greater the value of E — M, 
the more rapidly does the bubble become enlarged. 

This optical method of observing the electrolysis put 
me upon the track of the phenomenon, but it is not 
very convenient ; I substituted for it a galvano-metri- 
cal process, which is susceptible of much greater pre- 
cision and can be applied much more generally. We 
introduce into the circuit connecting the two mereury 
eléctrodes : (1) E, the electromotive foree variable at 
will ; (2) a Thomson galvanometer ; (3) an interrupter. 
Moreover, we take for the small mercury a larger elec- 
trode (44 of a square willimeter). 
the polarization of the other electrode, we can take a 
very large surface of nereury; but it is much better 
to take an unpolarizable system of electrodes (zine in a 
salt of zinc); the constant differences of potential thus 
added to the chain do not signify, since we are only 
studying variations of electromotive force. The small 
mercurial electrode is plunged into the same vessel as 
the point of the capillary electometer which serves to 
determine M. 

We thus find that while Eis lower than M, on closing 
the circuit, the needle of the galvanometer receives an 


impulse due to the charge of polarizatioa, oscillates, | 


and then becomes fixed at a position very near zero 
(spontaneous current of depolarization) ; but as soon 
as Eis above M, the needle undergoes a permanent 
deviation which is relatively very great and in propor- 
tion to E— M. The sudden change in the sweep of the 
eurve which represents the intensity of the current as 
a function of E is very marked. 

The truth of the law has been confirmed : (1) By the 
optical process for sulphuric acid expanded (} in 
volume ; M = 0°95 volt), and for the above mentioned 
acid with the addition of sy, of bichromate of soda 
(M = 0°99 volt); (2) by the galvanometric process for 


the same sulphuric acid and for chlorhydric acid (¢ in| 


volume of acid at 21° B.; M = 0°41 voit). 

According to the views of M. Helmholtz, at the mo- 
ment when the capillary coustant is at its maximum, 
the double electrical layer at the contact of the elec- 
trolyte and the mercury is nil; the law indicated above 
may, therefore, be stated thus: 

‘** Hlectrolysis commences from the moment when the 
double electrical layer has been rendered nil by polari- 
zation.” 

It is very probable that this law is applicable to any 
electrolyte whatever. But when it is a metal, m, 
which is rendered free by electrolysis, it forms an 
amalgam with the mereury of the electrode; this 
chemical modification of the surface of the electrode 
transforms the voltmeter, P, into a battery, the elec- 
tromotive force of which, of contrary nature, increases 
till it becomes equal to E, which allows of the passage 
of a very slight quantity of electricity. Thus in the 
case of the salts E may greatly exceed the value of M, 
without the needle undergoing any important perma- 
nent deviation. However, by increasing more and 


ie * Comptes Rendus, Electrical Review. 


In order to avoid | 


wore the value of E, a moment comes when the needle 
suddenly takes permanent deviations; the current 
then passes with an intensity proportionate to E — K, 
designating as K a constant, which is the electromo- 
tive force starting from which electrolysis is produced 
continuously. We gather, in fact, that as soon as 
there is enough metal, m, in the superficial layer of 
the mercury electrode for this amalgam to act in a 
battery like the metal, m, itself (an amalgam contain- 
ing less than gh, of zine acts like pure zine), the electro- 
| motive force of the voltineter, P, cannot increase any 
wore, and a constant current is produced, in virtue of 
the constant difference, E — K, of the opposing elec- 
For E = M the difference of poten- 
| tial is nél between the pure mercury and the elec- 
| trolytic liquid ; for E = K the difference of potential 
is nil between the amalgam of the metal, m, and 
|the liquid, since the latter is a salt of the metal, m 
| (Comptes Rendus, April 1, 1889); but the difference of 
| potential is not né/ between the amalgam formed at 
\the surface of the capillary electrode and the pure 
| mercury further down, and this difference of potential 
is represented by K -- M. 

| For the electrolysis of the sulphate of zinc, we get, in 
fact, M = 0°76 volt and K = 1°27 volts; whence K— M 
B 0-51 volt. This last number only differs from the 
| 





| : 
| tromotive forces, 


figures 0°49 volt. which I obtained two years ago, for 
the difference of potential between the amalgam of 
zine and the mereury by another method (Comptes 
Rendus, April 1, 1887), by a quantity quite accounted 
for by the errors of these former experiments. Substi- 
tuting for the sulphate of zine the hydrate of potas- 
sium, we get M = 0°29 volt, K = 1°76 volts, whence 
K — M = 1°47 volts. Thus the difference between the 
potassium and the mereury is + 1°47 volts. 

If instead of electrolyzing the hydrate of potassium 
we electrolyze a salt of potassium, we find for K— M 
different values (1°39 volts with the chloride, 1°41 for 
the sulphate). But let us remark that the amalgam of 
potassium formed is attacked by the water, and that 
in the capillary tube a layer of hydrate of potassium is 
produced between the electrode and the earth ; K —M 
then no longer represents exactly the difference of po- 

| tential between the mercury and the potassium: we 
| must add to it the difference of potential between the 
hydrate of potassium and the salt employed. The 
| truth of this remark is proved by the fact that if we 
introduce hydrate of potassium between the salt and 
the electrode of mercury beforehand, we find that the 
electromotive force which it is necessary to employ, in 
order that the current may begin to pass continuously, 
is exactly the same as when the solution of the salt is 
brought directly into contact with the mercurial elec- 
trode. Wesee by these examples that there isa new 
method, both general in its application and convenient, 
for determining the true difference of potential be- 
tween any metal whatever and mercury. But we also 
| see that in its application we must guard against pos- 
sible chemical reactions between the metal deposited 
| and the electrolyte. . 
| In asubsequent note we will indicate other methods 
for arriving at the same object. 





CONSTANT CURRENT VERSUS CONSTANT 
POTENTIAL ELECTRIC MOTORS. 


To the Editor of the Scientific American: 

In your SUPPLEMENT of July 20, Mr. Frank J. 
Sprague, in his Sibley College lecture on ** Some Appli- 
cations of Electric Transmission,” makes a statement 
which is somewhat misleading, and as it has a tendency 
to injure an industry in which we are largely engaged, 
we take the liberty of calling your attention to the 
matter. We have designed and constructed a constant 
current motor which has received the highest enco- 
miums from the very best authorities. We have sev- 
eral of our machines in active use in this city, and we 
are receiving the very best testimonials of their bigh 
efficiency. Mr. Sprague makes this statement in his 
paper : 

‘It is hardly necessary for me, it seems, to make any 
extended comments on the commercial application of 
motors to constant current circuits; for small powers 
only on long lines it has a /imited application, but can- 
not for a moment compete with a general distribution 
under constant potential, where perfect independence 
and large size of motors is secured with safety and 
economy.” 
| Itis an undisputed fact that the transmission of the 
| constant potential under a pressure of 110 volts, which 
| is the pressure of current now in general use, cannot be 
| economically transmitted to long distances, and, unless 
|the pressure is increased to 1,000 volts, or, as Mr. 
| Sprague says, *‘2,000 volts would be better,” the con- 
|stant current will be utilized by those who desire to 
| use electricity as a transmitter of energy. In proof of 
jour assertion we quote from Professor Silvanus 

Thompson, an acknowledged authority : 

“The method of distribution by a constant current 
| is, where power is to be transmitted to long distances, 
|a much more economical method than that of distribu- 
tion with a constant potential, owing to the fact that 
for the former method thinner and, therefore, less ex- 
| pensive conducting wires may be employed. It. is, 
therefore, obvious that in the not very distant future 

electric power will be distributed over large areas in 
towns and cities by the are light current.” 
EMILE KAHN, 
Pres. Cincinnati Electric Engine Co. 
Cincinnati, O. 


TELEPHONIC VIBRATIONS. 


Dr. FROHLICH attaches a small mirror to the iron 
plate of a telephone and from this the light of an elee- 
tric lamp is reflected toa polygonal rotating mirror, 
from which it falls ou a screen. The vibrations of the 
plate were thus made visible on the screen, and since 
each side of the polygonal mirror cast its own image, 
when the mirror was rotated the curves were seen 
moving over the screen. The more rapidly the mirror 
was rotated the slower did the curves move over the 
screen, and when the rotation was as rapid as the 
vibration of the plate, the curves became stationary 
and could thus be exactly observed and drawn. These 
luminous curves could also be photographed. The 
speaker had employed this method in a series of re- 
searches on certain electrical phenomena which might 
influence the efficiency of the telephone. Thus the 





action of alternating currents, of self-induction, of the 
rise and fall of the current on making and breaking, 
of the introduction of electromagnets, and of other 
conditions, were studied by means of the altered mode 
of vibration of the telephone plate. The speaker had 
further obtained a graphic record of the vibration of 
the telephone plate when vowels and consonants 
wo sung and spoken into it.—Physical Soc., Berlin 
—Nature. 





NEW PRUSSIAN BLUE. 


Ordinary Prussian Blue which has been purified 
by acids in the usual manuer imay be readily converted 
into the soluble modification by boiling with potassium 
ferro or ferri cyanide. The latter is wost conveniently 
prepared by gradually adding to a boiling solution of 
110 grms. of potassium ferricyanide a hot solution of 
70 grms. of ferrous sulphate. Only one-half of the 
ferricyanide enters into the reaction. The mixture is 
now boiled for two hours, filtered, and washed with 
pure water until the wash water assumes a.deep blue 
shade. The residue is dried at 100°. This blue dissolves 
readily in water and is very suitable for anatomical in- 
jections, as it remains in solution in presence of con- 
siderable quantities of gelatin. From the filtrate a 
further quantity of soluble blue may be obtained by 
adding 55 grms. of ferricyanide and 70 grins. of ferrous 
sulphate. If necessary, the soluble blue is freed en- 
tirely from ferricyanide by washing with weak alcohol 
(40 per cent.) Solutions of soluble blue are precipi- 
tated by concentrated solutions of sulphate or chloride 
of sodium. 

Pure Soluble Prussian Blue is prepared by digest- 
ing an excess of Prussian blue paste with a saturated 
solution of oxalic acid. The filtrate, after standing for 
| two months, deposits the pure blue, the liquid itself 
becoming colorless. The color is washed with weak 
alcohol and dried. It now dissolves readily in pure 
water. Thesame result is obtained more rapidly by 
precipitating the oxalic acid solution with 95 per cent. 
alcohol, or a concentrated solution of sulphate of soda, 
and washing the color with weak alcohol. Tartrate or 
oxalate of ammonium can take the place of the oxalic 
acids in the above reactions. On boiling the oxalic 
acid solutions, ordinary insoluble blue is precipitated. 
Dilute sulphuric acid also precipitates the insoluble 
modification. 

New Solvents of Prussian Blue.—By boiling Prussian 
blue with molybdie acid,a deep blue solution is ob- 
tained which is not precipitated by gelatin, but, on 
cooling, the solution sets to a transparent deep blue 
mass. Instead of molybdic acid, molybdate and tung- 
state of ammonium may be employed.—C. ZH. Guignet, 
in Compt. Rend. 








BLEACHING OF JUTE. 
By Oscar MEESTERs. 


To bleach jute pure white, the first condition is that 
it be as free as possible frow adhering particles of riud, 
because the latter contains a very large proportion of 
a colored tannin which in boiling dyes the fiber fast 
yellow brown and thereby renders the bleaching very 
difficult. If the fiberis reasonably free from this rind, 
a very fine white can in the simplest manner be obtained 
by the following method : 

About 1,500 lit. cold water are let into a keir, the 
solution of 10 kil. calcined soda added and well stirred ; 
then 100 kil. jute fiber are laid down in the bath, which 
is slowly brought to a boil and kept well boiling for at 
least three hours ; then the brown lye is let out, the jute 
taken up and rinsed in cold water, well drained, and 
laid down for 10-12 hours in acold bath of chloride of 
lime at 3° Bé. 

By acidifying the jute previous to chloring, as is 
| usual with cotton, a more rapid but very uneven, hardly 
acceptable bleach would be obtained, because in this 
case the chlorine acts at once upon the immediately 
accessible fiber and has not time enough to uniformly 
reach the less exposed fine filaments. Without first 
acidifying, therefore, a slower but much better, evener 
bleach is obtained. 

After lifting the jute from the chlorine bath (which 
is continuously used for bleaching by fresh additions 
of solutions of chloride of lime) and allowing it to drain 
well, it is laid down in a water bath of 144°F., and well 
rinsed in cold water. Then it is for 1-2 hours laid down 
in a strongly sour bath of sulphuric acid, and well 
rinsed. As a matter of course, the white is much im- 
proved by repeating the whole process. If it is desired 
to render the jute quite soft, it may be passed through 
a bath of Marseilles soap, with the precaution, however, 
that its temperature must not exceed 122° F., because 
the tannic acid which may possibly have remained in 
the fiber would, at a higher temperature, change the 
white to yellow.—F. M. Z.—Teatile Colorist. 





BLEACHING OF WOOLEN RAGS. 
By Dr. A. Horwirz. 


THE well-known bleaching substance for vegetable 
fibers, cotton, linen, ete., chlorine, cannot be used for 
bleaching the animal fibers, wool and silk ; because it 
does not decolorize but rather discolorizes thew, colors 
them yellow. Sulphurous acid is, therefore, the proper 
bleaching acid for wool and silk. For this purpose the 
wool, or silk, is woistened and hung up in chambers or 
boxes, in which sulphur is burned, and this operation 
is repeated several times, if necessary. In the wetted 
goods to be bleached is thereby a solution of sulphurous 
acid produced: the bleach is, therefore, effected by such 
solution. It is rational, therefore, to employ liquid 
sulphurous acid, @. ¢., the solution of sulphurous acid in 
water, instead of gaseous sulphurous acid. Liquid sul- 
phurous acid, however, on standing for some time 
absorbs oxygen from the air and is converted into sul- 
phurie acid. Sulphurous acid, therefore, which is kept 
in vessels containing air or which are badly stoppered, 
always contains sulphuric acid; and the bleached, goods, 
consequently also containing sulphuric acid, are there- 
by rendered brittle when dry. Bleaching with sul- 
phurous acid must, therefore, always be followed by 
most careful washing either in water, or more effect- 
ually in a dilute solution of soda orof soap. The extra- 
ordinary convertibility of sulphurous acid into sulphuric 
acid has caused the search for uther bodies which, hav- 
ing the same efficiency as bleaching agents, present 
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the advantage over sulphurous acid of possessing 
greater stability. 

At present sulphite or bisulphite of soda, the latter 
more generally known by the name of leucogen, is used 
for bleaching wool. Among the various processes in 
which sulphite or bisulphite of soda is employed, the 
most practical is doubtless that in which hydrochloric 
acid is added in order to accelerate the process and to 
more rapidly induce the reaction of the salt. For this 
bleach a wooden tub is filled with a 5 per cent. aqueous 
solution of bisulpbite of soda, 2 or 3 per cent. (of the 
weight of the salt used) hydrochloric acid added, and 
the material laid down therein, which can be taken up 
after the lapse of a comparatively short period, to be 
dried in the air. 

The employment of chromium in combination with 
sulphuric acid for decolorizing cloth rags is based upon 
the fact that, when chromium compounds are brought 
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ON WARP WEAVING AND KNITTING, WITH- 
OUT WEFT.* 


By Mr. ArTHUR PaGeEt, of Loughborough, Vice- 
President. 


THERE are three chief methods or principles of mak- 
ing fabric or cloth or tissue from yarns or threads. 

The method best known and most used is that of or- 
dinary weaving with a *‘ warp” and a “‘ weft,” the warp 
running longitudinally in the fabric and the weft trans- 
versely. 

The next best known and probably the next most 
used is ‘‘ knitting” properly so called ; that is, knitting 
together, weaving or interlacing one thread, as in hand- 
knitted goods such as stockings, socks, vests, drawers, 
and articles of underwear generally. Sometimes in 


some machines more than one thread is used in knit- 
ting ; and then it is as it were an interweaving or inter- 


the fabrics are then shaped (or ‘‘ fashioned” as it is 
called in the trade) by methods fully explained in a pa- 
per read by the writer at the meeting of this Institu- 
tion at Nottingham in 1870, and published iv the Pro- 
ceedings for that year (page 127). 

In the present paper it will be shown that such 
shaped goods can now be made by wer weaving or 
knitting ; and a machine which effects this is the spe- 
cial subject of this paper. 

In this machine the threads are wanipulated or 
woven or interlaced by the immediate touch or action 
of three parts, which for convenience are called the 
three primary parts. These are—the troughs, A, 
shown in Figs. 1 to5; the needles, B, shown in Figs. 6 
and 7; and the hooks, C, shown in Figs. 8 and 9. 
There is one of each of these three primary parts to 
each threadin the width of the fabric to be woven, and 





at least one additional needle. Thus if the loom is 



















4 kg ae | 
ie . 
4 J ~ 
fin 


a 
¥ Be 











955.5% 


ict 























THE PAGET KNITTING MACHINE AT THE PARIS EXHIBITION. 


together with sulpburic acid, chromic acid is formed, 
which readily surrenders its oxygen to other oxidizable 
bodies. It is essentially an oxidation process, that is, 
absorption of oxygen by the organic dye-stuffs con- 
tained in the cloth rags, which causes a decoloration of 
the rags by the treatment with chromium and sulphu- 
ric acid. Any strongly oxidizing substance, therefore, 
would be able to replace chromium and sulphuric acid. 
Permanganate of potash is one of the most strongly 
oxidizing bodies, but whether and to what extent ex- 

riments have been made with it in practice, is not 

nown to me.—Teatile Colorist. 





On the Canadian Pacific Road, where the suow-sheds 
are in close proximity, an underground cable is used to 
secure communication and promptly to locate the site 


aA 


lacing of ‘‘ weft threads,” knitted to and fro across the 
length of the fabric, without any ‘* warp threads” run- 
ning longitudinally. 

The least known and probably hitherto the least used 
system of weaving is what is known as “ warp weav- 
ing” or knitting. This system is the weaving together 
or interlacing or knitting together of a number of 
‘* warp threads,” woven or knitted together along the 
length of the fabric, without the use of any weft run- 
ning transversely. 

Of course, in ordinary woven fabrics, the fabrics are 
woven of a certain width in parallel Jengths, and the 
fabric has afterward to be cut and shaped into articles 
of clothing or whatever shaped articles may be re- 
quired. Hitherto the only method known of making 
fabrics which are shaped in weaving them, for articles 
of clothing and the like, has been by “ knitting ;” and 





of interruption. At isolated -sheds and pected 
points very high poles carrying the lines clear of all 
probable obstructions are employed. 








* Paper read before the Institution of Mechanical Engineers at Paris.— 
Engineering. 


weaving 1000 threads, then for weaving the simplest 
and most usual fabric there will be 1000 troughs, 1001 
needles, and 1000 hooks. 

All the warp threads to be woven are ordinarily 
wound upon a weaver's beam, in the usual manner of 
preparing a warp for an ordinary loom, and the beam 
is hung upon an axle in bearings above the warp-weav- 
ing machine; or in some cases, as will be described 
later on, the threads are taken direct from the cops, 
spools, cones, or bobbins on which the yarn is deliv- 
ered by the spinner. Each thread of the warp is led 
downward from the beam, and is passed into and 
through a trough. In Figs. 10 to 14 these primary 
parts are shown in five positions in their cycle. 

Each trough when at rest is equidistant between the 
stems of the needles on each side of it, and so that the 
lowest part of the lips of the lower orifices of the row 
of troughs are just (and only just) above the tops of the 
stems of the row of needles. Thus it will be seen that, 
when the row of troughs is moved sideways (say to the 
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left), over and across the row of needles, Fig. 10, exact- 
ly as far as the distance between the centers of contig- 
uous needles, each thread will be laid across and over 
the stem of one needle. The needles then move back- 
ward or retire, Fig. 11, so far that the point of the 
beard of each a 4 passes over the thread laid upon 
its stem. 

The beard of each needle is then pressed into the eye 
of the needle, Fig. 12, by a presser (which will beshort- 
ly described); while the point of the beard of each 
needle into and safely through the loop of the 
fabric, Fig. 18, which is on the stems of the needles in 
front of the hooks. Then the needle retires further, 
so that its head passes a certain distance beyond the 
face or front of the row of hooks. Thus a certain 
length of thread is pulled by each needle against the 
face of each hook, and through each trough from the 
beam of warp, and through the loop of the fabric 
which was on the stems of the needles, and which is 
drawn over the heads of the needles by the hooks. 
While the heads of the needles are behind the troughs, 
the troughs are again moved sideways (this time to the 
right) into their former position. 

he row of hooks is then made to descend, so that 
the underside of the bend at the top of each hook just 
resses on each thread ; and then the needles are made 
advance and the hooks to descend simultaneously, 
Fig. 14, so that the loops already pulled by the needles 
are held down by the hooks, while the row of needles 
continues to advance to their former position. This 
completes the cycle. 

Now if, during the next revolution of the main shaft, 
the row of troughs were made to pass again over the 
needles (this time to the left) and then back to their 
first position as before described, then each needle in 
the machine would make each thread into a chain, by 
drawing one loop of each thread through the previous- 
ly made loop of the same thread ; and thus a machine 
with 1000 needles would make a set of 1000 chains (one 
chain made of each thread in the machine), but as each 
chain would be quite independent of the contiguous 
chain on each side of it, the machine would not makea 
woven fabric, cloth, or tissue 

But if, after the row of troughs has been made to 
move one needle to the left, so as to lay the threads 
over the needles as before described, they are made to 
move again in the same direction to the extent of one 
needle more before the needles again come forward to 
receive a fresh row of loops, then each thread will be 
passed under the needle next to the left of the needle 
on which the last loop was formed. Then if the row 
of troughs be made to move one needle back (to the 
right), each thread will form a loop on the needle next 
to the left of the needle on which the first loop was 
formed. Then if, before the needles again come for- 
ward to receive a fresh row of loops, the row of troughs 
be again moved to the right, each thread will be passed 
under the needle upon which the first loop was made, 
ready to form a loop upon it again. Thus each thread 
forms a loop, first on one needle, then on the one next 
to it, then back again on the first, and soon. Thus a 
woven fabric is formed. 

In goods made with stripes of different-colored 
threads, the alternations of a certain number of move- 
ments of the troughs to the right, and then a certain 
number to the left, may be made to produce a number 
of stripes, either straight or in various kinds of zigzags. 

To vary the closeness of the weaving, it is only neces- 
sary that the distances to which the row of needles and 
the row of hooks retire should be varied; thus longer 
or shorter loops will be pulled by the needles and held 
by the hooks, and so a more or less closely woven cloth 
or fabric will be produced. Of course, in an ordinary 
loom with a warp and a weft, if the closeness of the 
weaving, or the closeness with which the threads of the 
weft are laid, were to be altered, the fabric would be 
woven more or less open, but the width of the fabric 
would not be appreciably altered. But warp-woven 
fabrics have a different property or nature ; so that, if 
the machine is weaving a fabric of a certain yarn on a 
certain number of needles with a certain closeness of 
weaving (that is, with a certain length of loops), and if 
the machine be then altered so as to draw slightly 
longer loops and weave the fabric siightly more open, 
then the width of the fabric made by the machine is at 
once materially increased. It is by using this property 
of the warp-woven fabrics that this machine has been 
made so as to be able when desired to shape the fabrics 
while they are being woven, that is, to increase or 
diminish their width while they are being woven. 

We will first follow the movements of the row of 
troughs, and explain how these are effected. Each 
trough, A, is attached to the trough bar, Al, Fig. 36, 
by being driven into a suitable groove, and the walls 
of the grooves are then partly bent over and partly 
riveted over, so as to secure the troughs to the trough 
bar; the trough bar is bolted to the trough slide bar, 
A2, and this as it were hangs on and slides to and fro 
upon the V-shaped part of the main bar, E. The trough 
bars are adjusted by the screws, A3, Figs. 15 and 16, so 
that the lower lips or orifices of the troughs will just 
pass over the stems of the needles, as close to them as 
possible, so as not to touch them, but to allow only 
sufficient room for the threads to pass between the 
troughs and the needles. On the back of the trough 
slide bar, A2, Figs. 17 and 18, there is a toothed rack, 
AA, into which gears the small segment of a wheel, A5, 
attached to the spindle or shaft, A6 ; to the top of the 
spindle is attached the segment of a ratchet wheel, A7, 
at the left side of which are ratchet teeth, A8, while at 
the right side are ratchet teeth, A9, so made as to act 
contrariwise to the teeth at the left side; the pitches 
and arrangements of these ratchet teeth on the wheel, 
A7, and the wheel, A5, and the rack, A4, are such that, 
when the ratchet segment is moved one tooth to the 
right, the trough bar is moved one needle to the left, 
and vice versa, 

Two chisel-shaped ratchets, Al0 and All, are at- 
tached to the triangular ratchet frame, A12, so that, 
according to the position sideways of the ratchet 
frame, either but not both of the ratchets (when the 
triangular frame is moved to and from the main shaft, 
F, by the cam, A31) will act upon the ratchet teeth, and 
will move the trough bar either one needle to the right 
or one needle to the left, in accordance with the posi- 
tion sideways in which the ratchets are held. 

There is a wedge-shaped spring latch, A13, acting 
upon a wedge-shaped projection, Al4, on the ratchet 
frame, which wili allow it to be moved either to the 
right or to the left, so as to put into action either the 


right or the left ratchet; and then to keep in action 
whichever is put into action, until the ratchet frame is 
moved sideways. ‘T'o the upper surface of the ratchet 
segment, A7, at the left side there is attached an in- 
clined finger, A15, and another similar finger, A16, is 
attached in a similar way to the right side ; and these 
fingers can be adjusted at such a distance from each 
other that, when the left ratchet has moved the ratchet 
segment, say two teeth to the left, then, as the ratchet 
frame is moved backward toward the main shaft, the 
projection, A17, on the ratchet frame, will come in con- 
tact with the inclined finger, and will move the ratchet 
frame to the right, so that the left ratchet will be put 
out of action, and the right ratchet will come into 





trough slide bar is completing its traverse, vhe set of 
teeth on the hinged bar, A2I1, are pressed toward and 
against the set of teeth, A19, on the trough slide bar, 
A2; and the two sets of teeth are so arranged that, 
when they are engaged and pressed together, the 
trough slide bar must take and keep its exact longitu- 
dinal position. The hinged bar is moved to and from 
the trough slide bar by the lever, A23, Figs. 19 and 22, 
which is actuated at the right times by the cam, A24. 
There is a further apparatus attached to the machine 
for enabling the zigzag stripes before mentioned to be 
made by controlling the movements of the ratchet 
frame and the trough bar to the left and to the right 





in certain fixed varying orders ; but the description of 
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action ; and then, when the ratchet segment has been 
moved two teeth to the right, the finger will act upon 
the projection, Al8, and in a similar manner will move 
the ratchet frame to the left; and so on. Thus the 
trough bar and troughs will be moved two needles to 
the right for one revolution of the main shaft, and then 
two needles to the left for the next revolution of the 
main shaft ; and so on. 

It is of course absolutely necessary that, at the end of 
each traverse of the trough bar, each trough should 
stop at and remain at the exact center of one of the 
spaces between the needles ; and this is effected in the 
following manner. On the front face of the right-hand 
end of the trough slide bar, A2, Figs. 20 and 21, there is 
formed a row of wedge-shaped teeth, A19, of the same 
pitch as the needles of the machine ; and facing these 
a similar set of wedge-sha) teeth, A20, are formed on 





a bar, A21, which is hinged by a spring hinge at its end, 
A22, to a projection, E1, on the main bar, E. When the 








it would unduly lengthen this paper, and any one wish- 

ing can see it and have it explained on the machine in 

ee seeee, in the British section of the Machinery 
all. 

We will now follow the movements of the needles, B, 
and explain how these are effected. The needles are 
held at their back ends by hinged plates, B2, which 
»ress them into grooves and holes in the needle bar, B1, 

igs. 15 and 16; this bar is held at the back by two 
joints, B38, which are attached by two joint pins, B4, 
to the two arms, B5, of the rocking shaft, B6 ; the ends 
of the shaft are free to oscillate in a rotating fashion in 
bearings in the end frames or legs, H, of the machine. 
The upper ends of the two rocking shaft arms, B5, carry 
two bowls or trucks, B7, each of which is pushed away 
from the main shaft, F, by a cam, B8; and the bowls 
are drawn toward the shaft by the springs, B9, which 
pull the needle bar, Bl, backward. Thus by acting 
through the joints, B3, and the rocking shaft arms, B5, 
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these springs keep the bowls, B7, always pulling toward | and slides against the under surface of the main bar, | It is necessary, therefore, in order to evable a machine 


the main shaft, F 


quent backward movement of the needle bar, B1, and 


needles, B, is controlled by two double needle-controlling 
hooks or stops, B10, which take hold of or stop the four 


yrojections, Bil, two on each rocking shaft arm, BS. 


he positions of these two double needle-controlling 
hooks, B10, are controlled by the action of the two 


: and the extent of the movement of 
the bowls toward the main shaft, F, and of the conse- 


E_ If this bar, B23, is traversed end way in the direction | of this class to make cloth in one width (of 7 feet as in 
ul the arrow, B24, it will be seen that by the combined | this machine), that the bar, E, and the bar, D, should 
action of the two sets of wedges the presser, B14, will be | be held together very firmly and very strongly, without 
made to descend ; whereas if the bar, B23, is made to| in any way interfering with the continuity of the row 
traverse in the direction of the arrow, B25, the presser | of needles, A. It will be seen by reference to Figs. 15 
will be caused to ascend by the springs, B20. The! and 36 that this is effected by the connectors, N, which 
traversing to and fro of the bar or rod, B23, is effected | are made of steel plate of the shape shown, each being 
by the cam, B26, acting upon the two bowls which are! thin enough to pass easily between auy two needles in 
























THE 


wedges, B12, which are attached to the bar, B13, that ]shown at the end of the bar, B23, in Fig. 16 and Figs. 
slides longitudinally in suitable slides or bearings at- 
Thus it will be seen that, by 
sliding the bar, B13, and its wedges, B12, to and fro) presser, B14, have a strong tendency to bend or curve 


tached to the machine. 


longitudinally, the distance cf the backward move- 
ment of the needles is easily controlled. 

The front ends of the needles rest upon and slide on 
the grooved top of the knocking-over bar, D, which is 
held at each end by the legs or framings, H, of the 
machine. 

We will now follow the movements of the presser, B 
14, and explain how these are effected. When the 
needles have moved backward so far that the points 
of their beards are safely over the threads laid upon 
the stems of the needles, then the presser, B14, is caused 
to descend, so that its rounded lower edge, B15, presses 
upon the beards, Fig. 12, and holds their points down 
in the eyes of the needles, until the points of the beards 
are safely entered into and have passed through the 
loops last made of the fabric. The presser then as- 
cends, so as not to touch the needles or their beards ; 
and it remains in this raised position until the needles 
have come forward, and the troughs are again about 
to traverse across the needle stems. Now it is evident 
that, if a needle should be slightly strained and raised, 
so that it does not rest upon the bottom of its groove 
in the knocking-over bar, D, the trough which has to 
traverse over this needle might push the needle stem 
to one side and break the needle, and possibly also the 
trough. In order to prevent this, before the troughs 
traverse over the needle stems the presser, B14, is made 
to descend and press all the needle stems down against 
the bottom of the grooves in the knocking-over bar, 
D, Fig. 10, so that then all the troughs can safely 
traverse over all the needles; and when they have 
done so, the presser then ascends again, so as to be 
clear above the needle beards until they have again 
retired to the right position for being pressed. 

The presser, B14, has six arms, B17, which project 
backward and under the main bar, E, Figs. 15 and 16 
and are hinged by pivots, B18, to brackets, B19, which 
are attached to the back of the main bar, E. Springs, 
B20, attached at the lower end to the arms, B17, and at 
the top end to a suitable bar, T, tend always to lift the 
presser upward. 

On the top of the presser, B14, are formed some wedge- 
shaped surfaces, B2i, Figs. 25 to 29; and acting upon 
these are other wedge-shaped surfaces, B22, formed on 
the bar or rod, B23, the upper surface of which rests 
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the row. The upper ends of these connectors, N, hook 
into a groove, E2,in the main bar, E,and are held 
there by a piece of brass, E3, and by solder. The 
hook at the lower end of the connector, N, hooks into 
a groove, D1, in the knocking-over bar, D. It will 
thus be seen that, in order to hold together with great 
firmness and rigidity the main bar, E, and the knocking- 
over bar, D, and thus to prevent these two bars from 
























































830 to 32. 
It will be seen that the wedges which actuate the 


the main bar, E, upward between its two ends, where 
it is secured to the main framing, H, of the machine. 
The presser also has a strong tendency to force down- 
ward and to curve downward in a similar manner the 
knocking-over bar, D ; for, although the power requir- 
ed to press the beard of one needle into its eye is small, 
the power required to press the beards of the whole 1,008 
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needles into their eyes is very large. If the combined | being sprung apart, and thus to insure the accurate and 
curvature of these two bars were to awount in the| perfect pressing of all the row of needles, B, it is only 
| middle of the width of the machine to as much as ,y in. | necessary to insert a sufficient number of these conec- 
(that is ;4, in. for each bar), this would be sufficient to| tors, N, between the needles, ut convenient distances 
make the difference between pressing the beards tho-| apart across the whole width of the mac 

roughly and properly and entirely failing to press them. (70 be continued.) 
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THE LIBBY COMPOSITE BARS. 


Tas invention is by Robert H. Libby, of Boston, 
Massachusetts. The object is to provide a simple and 
easy means of producing car axles, shafting, and other 
metal articles having sections thereof solid throughout 
and sections of tubular or cylindrical form, or in the 
form of a shell connecting the solid sections, and inte- 
gral therewith. 

In the manufacture of car axles the solid sections 
occur at the ends of the shafts, and the tubular or 
cylindrical sections form the portion of the structure 
between. In shafts the portions of the shaft support- 
ing the pulley, gear wheel, or other device should 
be solid and the remaining sections of tubular or cylin- 
drical form. The disposition of metal in structures of 
this character in alternating solid and tubular or shell 
form is very desirable fora great many other purposes, 
and especially where it is essential to obtain strength 
with comparative lightness in certain parts of the 
structures and solidity in certain other parts. 


From a report by Mr. G. E. Betton, C.E., of Boston, | 


this process appears to be a peculiar and original one, 
and may be thus briefly described: When it is desired 
to apply it to steel manutacture, a case or box of sheet 
iron is made of the size desired; this is filled with finely 
powdered silica or fine sand and placed in the mould a 
few inches from the bottom, so that the melted metal 
will run under and around its sides to the desired thick- 
ness. The metal is poured in and the work continued 
until the box containing the silica is covered on the 
top as well as on the bottom and sides, so that when 
the process is completed it contains within it the box 
of siliea; the ingot is now ready to be manipulated as 
if it were solid steel, and can be rolled or drawn to a 
rod of less than one inch in diameter, or hammered into 
flat plates or any other form desired. No matter how 
finely drawn or flattened, the sand core will be found 
in the center with the steel covering evenly distributed 
over it. The sand core, it is found, has the property of 
expanding and contracting equally with the wetal 
covering it, so that when the article made from it is 
completed, it is found to be so compact and solid as to 
give additional strength and rigidity to the article in 
which it is situated. This property makes it especially 
valuable when used for pillar supports or beams in 
building, for in cases of fire the core, being a non-con- 
ductor of heat, would prevent the column or beam 
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that was used for government test has 35 per cent. less 
metal than the solid bars, showing that 65 per cent. of 
wetal tube with the sand core can stand 200 per cent. 
more compression than 100 per cent. all metal of the 
same size. For a line of shafting 40 per cent. of core 
can be used, making a ton of either iron or steel shaft- 
ing cost in America no more than $5 or $6 above the 
cost of solid, while it will give about 40 per cent. more 
length, with the great gain of strength and safety from 
breaking by vibration that would be generated if the 
center had not been removed by the core. 

Mr. Betton goes on to refer to other articles which 


instance, he states that car axles can be made of either 
steel or iron with the sand core which are much stiffer 
than the solid ones. At the same time they are 100 lb. 
lighter, and cost 15 per cent. to 30 per cent. less than 
the solid. The ends can be left tubular or solid, any 
length desired for bearings. The columns made by 
this process for buildings Tews great advantage over 
any other, as the sand core gives great additional stiff- 
ness, enabling it to bear more than double that of 
solid iron of the same quality. This core retains its 
stiffness when hot, as the core is a non-conductor of 
| heat, preventing the heat passing through the columns 
as if solid. For columne 40 per cent. to 50 per cent., or 
even 60 per cent., of core can be used. This makes the 
cost not over 75 per cent. of what cast iron costs. Ar- 
mor plates from 12 to 20 inches in thickness would be 
better and very much lighter with core from 4 to 10 
inches. The core would form a cushion that would re- 
sist a shot better than solid metal, the sand itself being 
a greater resistant than metal. For any purpose where 
stiffness combined with lightness is desirable, this sys- 
tem is well adapted, as the metal can be rolled or ham- 
mered into any shape. For a marine shaft this pro- 
cess is adapted, as an ingot can be made of any 
desirable weight or size, with a core corresponding, 
then rolled or hammered the same asa solid ingot, 
leaving the core in it, thus making the shaft some 25 
per cent. to 30 per cent. lighter, and much stiffer and 
stronger. It is well known that the center of a shaft 
or bar of any considerable size is not worked by rolls 
or hammer, therefore, is of not much value for 
strength. If a certain percentage was taken out of the 
center, and the shaft hammered on a mandrel, it would 
be much stronger than if solid. This core works like 
a mandrel, and by leaving it in, it adds to the stiffness 
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Fig. 1.—Cross section of a box pile. Fia@. 2.—A bar made from Fig. 1. Fie. 3.—A car 
axle rolled therefrom. Fre. 4.—Another form of box pile. Fi@. 5.—A bar made 


therefrom. C represents the sand core. 
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from getting hot enough to impair its usefulness and 
safety. By this process, by varying the method of 


making the core, so that it can be withdrawn, tubing | 


of superior quality and strength can be made, even 
common gun barrels. 

When the sand core is to be inclosed in iron, a some- 
what different process is employed. Bars of iron of the 
proper size and thickness are placed around the can 
containing the silica, and heated in a furnace to a 
melting heat, and then hammered or rolled in the 
same way as the steel ingot. Mr. Betton states that 
some of the oldest and best known iron workers in 
New England have given this process their unqualified 
indorsement. Speaking of the comparative cost of 
rails and other products made under this process, the 
sand core rail can, he says, be made at the same price 
as the solid, while, it being tubular, the tube filled 
with sand compressed by being rolled in the rail adds 
great stiffness, making a 70 lb. rail fully equal to one 
of 100 lb. made solid. ‘This rail can be made of higher 
carbon steel than the present rail, making it more 
durable. This rail being 25 per cent. lighter in conse- 
quence of the core, will lay 25 per cent. more track per 
ton than the solid, making a difference in favor of the 
sand core of about $8 per ton. The sand core rail will 
bear with safety double the percentage of carbon of 
the present rail, and, consequently, will wear twice as 
long. There are many other articles that can and un- 
doubtedly will be made by this process, viz., car axles, 
line shafting, columns of all kinds, structure bars and 
beams, gun tubes for heavy ordnance, armor plates, 
fortifications, fireproof buildings, ete. For structural 
columns it is especially valuable, as can be shown by 
tests already made by a government officer at Water- 
town arsenal, where a bar 4 feet long, 44 inches in 
diameter, with 25 sand core, stood 228,000 Ib. compres- 
sion on ends without starting the scale, and 324,000 Ib. 
with a deflection of 14g inch. A solid bar of the same 
size would start the scale at 100,000 lb., and a solid cast 
iron column would break at 120,000 lb. A tubular 
shaft with a core has a great factor of safety by having 
the metal center removed, so there is not any metal 
center to crystallize and cause the shaft to break before 
it is half worn out. A car axle made by this process 
has 100 per cent. wore strength than a solid, and 200 
per cent. more safety by having the cause of crystal- 
lizing removed from the center of the shaft. The tube 


|of the article. Blocks of any size can be furnished for 
| buildings for fortifications superior to any other mate- 
rial now in use. An absolute fireproof building of any 
desired height can be constructed under this process. 





CONDENSATION OF CARBON PARTICLES IN 
SMOKE. 
By R. IRVINE, F.R.S.E., F.C.S. 


In the manufacture of lamp black hydrocarbons are 
burned in an atmosphere with a limited supply of 
oxygen ; the resulting dense black smoke is conducted 
into large chambers, where on account of the extreme- 
ly sluggisti draught it is allowed to roll about until 
the particles, by attraction between themselves, grad- 
ually coalesce into masses, which after a lengthy per- 
iod fall on the floor in the form of soot. This process 
is exceedingly slow, and the product obtained, from 
jeven an enormous condensing space, is comparatively 
| very small. Consequently this manufacture is one 
carried on on a limited scale, considering the magni- 
tude of the plant required. 
| Following the lead given by Professor Lodge, of 
Liverpool, in his experiments upon lead stythe, I 
| assisted by my friend Mr. J. Lillie Mitchell, undertook 
| a series of experiments with a view to more rapid con- 
densation of smoke carbon ; and for this purpose erect- 
ed a glass structure 5 ft. x 4 ft. x 4ft., in which were 
fixed two malleable iron plates, provided with a great 
number of points—these facing each other; the plates 
being separated by a distance of from two to three 
feet, and all the conducting surfaces except these points 
being carefully insulated with shellac varnish. 

This chamber was filled with smoke produced by 
burning pitch oil, which retained its opacity for at 
least two hours: so much so that on then looking 
through the chamber, a bright light placed on the 
other side was totally obscured by the vapor. The 
chamber was now refilled with smoke, and the whole 
atmosphere therein was to a greater or less degree 
electrified by coupling the conductors which were 
connected to the plates with a small dynamo. The 
effect immediately produced was exceedingly striking, 
the minute particles of carbon at once separated 
from the opaque smoke, and were attracted to or 








driven from the points of the plates, congregating 


can be manufactured under Mr. Libby's process. For | 


together in a most extraordinary manner ; and in the 
space of two or three minutes the atmosphere in the 
lass chamber was almost entirely cleared of smoke. 
he prohibitory cost of electricity has, however, 
prevented the application of this process on the large 
seale, for the present at deast. 


ALLOYS OF NICKEL AND STEEL.* 
By JAMES RILEY, Glasgow. 


| SoME months ago I was asked to examine some 
|speciinens of manufactures of various alloys of nickel 
and iron. The British patents obtained for these 
manufactures had previously been submitted to me, 
but their consideration bad not caused me to feel 
much interested in them. When, however, at the re- 
quest of my friends, I examined the products them- 
selves, ny interest was much excited, and with the 
consent of my directors, I entered on a course of in- 
vestigations regarding these alloys which is still in 
progress. I fear that the paper Il have been able to 
prepare must be considered premature, and perhaps 
incomplete and disappointing ; but since I was honored 
with the request of the council to prepare this paper, I 
|have done my utmost to push our investigations to a 
conclusion. ith the able assistance of my colleagues, 
Messrs. Dick and Packer, this has been so far accom- 
plished that I am now in a position to submit for 
your consideration some interesting facts, which I 


‘think will probably have a great and lasting effect 


on the manufacture of steel and its various applica- 
tions. 

In commencing our investigations, it was arranged 
that before attempting the manufacture of nickel steel 
ourselves a few ingots should be sent us for treatment 
and examination. These ingots were of comparatively 
small size, having been cast from crucibles. They 
were 41¢ in. square, and contained 3 per cent., 5 per 
cent., and 25 per cent. of nickel respectively. 

Samples of plates and bars from these ingots are 
before you, but it is not necessary to give you details 
of the tests applied to them, as the results of them will 
be embodied in my later remarks. 

Some time after the conclusion of these tests, a visit 
to the works in France was arranged to admit of our 
seeing the process of manufacture and the degree of 
|certainty with which the desired products could be 
| obtained from the crucible. This wasdemonstrated to 
|our entire satisfaction, a number of casts being made, 

the composition being varied at will, and the qualities 
and properties of the metal being indicated beforehand. 
|Samples of these casts were brought to our works and 
' tested. 

Subsequently, the patentee visited our works, and 
charges were made which showed that the composi- 
tion of the metal can be as effectually controlled in the 
open hearth furnace as in the crucible, 

I have thus briefly sketched the history of our con- 
}nection with this new alloy, and will now proceed to 
| state the results we have obtained and the conclusions 
at which we have arrived. 

The alloy can be made in any good open hearth fur- 
nace working at a fairly good heat. Phe charge can 
be made.in as short a time as an ordinary “ scrap” 
charge of steel—say about seven hours. Its working 
demands no extraordinary care ; in fact, not so much 
as is required in working many other kinds of charges, 
the composition of the resulting steel being easily and 
definitely controlled. No special arrangements are 
required for casting, the ordinary ladles and moulds 
being sufficient. If the charge is properly worked, 
nearly all the nickel will be found in the steel—almost 
none is lost in the slag, in this respect being widely 
different from charges of chrome steel. 

The steel is steady inthe mould, it is more fluid and 
thinner than ordinary steel, it sets more rapidly, and 
appears to be thoroughly homogeneous. The ingots 
are clean and smooth in appearance on the outside, 
but those richest in nickel are a little more ** piped” 
than are ingots of ordinary mild steel. There is less 
liquation of the metalloids in these ingots, therefore 
liability to serious troubles from this cause is much 
reduced. Any scrap produced in the subsequent 
operations of hammering, rolling. shearing, etc., can 
be remelted in making another charge without loss of 
nickel. The importance of this fact will be at once 
appreciated, especially by users of articles made of this 
metal, seeing that scrap and old articles will have a 
—— for remelting in proportion to their contents of 
nickel. 

No extraordinary care is required when reheating 
the ingots for hammering or rolling. They will stand 
quite as much heat as ingots having equal contents of 
earbon but no nickel, except perhaps in the case of 
steel containing over 25 per cent. of nickel, when the 
heat should be kept a little lower and more care taken 
in forging. 

If the steel has been properly made, and is of correct 
composition, it will hammer and roll well, whether 
it contains little or much nickel; but it is possible to 
make it of such poor quality in other respects that it 
will crack badly in working, as is the case with ordi- 
nary steel. 

In endeavoring to obtain a correct idea of the value 
or usefulness of alloys of nickel and iron or steel, we 
shall find it of use to consider their behavior under 
tensile and other mechanical tests, and if these were 
sufficiently numerous, our task would not be a very 
difficult one. 

If it be remembered, however, that in the composi- 
tion of nickel steel we have present nickel and man- 
ganese and iron, with carbon, silicon, sulphur, and 
phosphorus, and that even a very small difference in 
contents of some of these has a considerable influence 
on the character of the alloy, it will be evident that 
several series of tests (involving a very large number of 
separate experiments) are necessary to a full investiga- 
tion. For instance, we all know the effect of very 
small increments of carbon in steel ; hence toestimate 
correctly the influence of the addition of nickel, the 
earbon (as well as manganese and other contents) 
should remain constant. Then that contents of nickel 
should be constant and the carbon, etc., varied. Fur- 
ther, that the subsequent treatment of all the products 
should be identical in every particular. I have not 
been able to carry out such an elaborate series of tests, 
but I beg to submit a few test results which will no 
doubt be of service at this time. 











* Payer read before the Iron and Steel Institute. 
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TABLE I.—TESTS OF STEEL WITH VARYING CONTENTS OF NICKEL. 


E. L. = Elastic limit. B. 8. = Breaking strain. ©. A. = Contraction of area, 


Composition per cent, Tensile Tests as Cast. 





Mark. | 
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| 
| Tensile Tests as Cast and Annealed. Tensile Tests as Rolled. Tensile Tests as Rolled and Annealed. 
3 — fea “ . 
| Extension per Extension per | | Extension per | REMARKS. 
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* Test piece defective. + Too hard to machine with Mashet steel, 


In Table I. there are several points of interest which 
it is desirable to notice. 

1. In No. 6 test the carbon present (022) is low 
enough to enable us to make comparison with ordinary 
wild steel, which would give (when annealed) results 
about as follows: E. L. 16 tons, B. 8. 30 tons, exten- 
sion 23 per cent. on 8in., and contraction of area 48 
percent. Therefore in this case the addition of 4°7 
per cent. of nickel has raised E. L. from 16 up to 28 
tons, and the B. 8S. from 30 up to{40°6 tons, without im- 
pairing the elongation or contraction of area to any 
noticeable extent. In No. 3 tests somewhat similar 
results are found, with an addition of only 3 per cent. 
of nickel, combined with an increase of the carbon to 
0°35 per cent. 

2. In Nos. 2 and 5 tests there is extreme hardness, 
due in part to the large quantity of carbon present, 
but also to the presence of nickel in addition. In No. | 
9 test, with the carbon very much reduced, this charac- 
teristic of hardness is intensified by the increase of 
nickel to 10 per cent. 

This quality of hardness obtains as the nickel is in- 
creased, until about 20 per cent. is reached, when a 
change takes place, and successive additions of nickel 
tend to make the steel softerand more ductile, and 
even to neutralize the influence of carbon, as is shown 
in No. 11 test, in which there is 25 per cent. of nickel 
and 0°82 of carbon. In this matter of hardness, due to 
increased increments of nickel, there is some resem- 
blance to manganese steel, as described in Mr. Had- 
fieid’s admirable paper; but I am glad to beable to 
state that before the region of extreme difficulty of 
machining is reached, we have qualities of nickel steel 
available which will be of the utmost value for a very 
large number of purposes. 

3. In the 25 per cent. nickel steel there are some 
peculiar and remarkable properties. In the unanneal- 
ed specimen the B. 8. is high and the E. L. moderately 
so, but in the annealed piece, while the B. 8S. remains 
good, the E. L. is very greatly reduced, down to one- 
third of the B.S. Again, in th cases, the ductilit 
as shown by the extension before fracture is marvel- 
ous, reaching 40 per cent. in 8 in. Another feature 
(clearly brought out in tests Nos. 10 and 11, most in 
No. 10, by the small contraction of area) is that this 
elongation is nearly uniform throughout the piece. 

Before leaving this class of tests, I may state that a 
very large series of hardening and tempering tests, 
which I have had made, but which I am not prepared to 
submit at present, show the possibility of very largely 
raising the B.S. and E. L. and the hardness of these 
alloys. We have tested pieces up to 87 tons B. 8. with 
52 tons E. L.; but there is a piece before you—furnish- 
ed by the patentee—which was tested by us, and gave 
B. 8. 95 6 tons, E. L. 54 tons, extension in 4 in. 9°37 per 
cent., contraction of area 49°2 per cent. Two similar 
pieces, tested by Mr. Kirkaldy, gave B. 8. 94°18 and 
93°86 tons, E. L. 52°01 and 53°92 tons, extension 7°8 and 
82 per cent., and contraction of area 52°4 and 50 per 
cent. respectively. . 

Permit me now to invite your attention to Table II., 
which gives results of torsion tests. In the right hand 
column, headed “ Remarks,” is given the number of 
sample or test in Table I., for reference as to tensile 
strength, etc. The torsion tests have been made on 
the steel in the condition in which it left the hammer, 





and also after having been annealed. 

I have arranged both classes in what we consider | 
order of merit, having regard to all the three quali-| 
ties of B. S., E. L., and ductility, as shown by number | 
of twists borne by each. It is satisfactory to find that | 
to obtain the best results it is not pecessary to use the | 
steels rich in nickel, as only 1 od cent. is present in 
that which stands first in both classes. 

There are several interesting points in this table to | 
which I would ask your consideration. 1. At the foot | 
of it 1 give results of torsional tests on Siemens steel. 
Nos. 7 and 8 are tests of the same steel annealed and 
unannealed, having a tensile eng of 47°2 and 50°4 
tons respectively. A comparison of these two shows a 
very slight improvement in ductility due to the anneal- 
ing. Now compare them with No. 9, which is a test of 
ordinary mild steel of 30 tons tensile strength, and it 
will, I think, be concluded that it would be better to 
sacrifice some of the ductility shown by the greater 
number of twists, in order to obtain some of the greater 
strength shown in the higher E. L. and B. 8. of Nos. 
7and 8. It has become common to order propeller and 
other shafts of mild steel, but I am inelined to the 
opinion that their resistance to both stress and wear 
would be increased by the use of stronger steel, while 
still leaving an a:nple margin of ductility. But this is 
incidental. 

2. I would ask you next to compare the results ob- 
tained with the ordinary steel with those of the nickel 
rreey os ay think there will be no ee in —_— 
ing that there will be a very great advantage gain 
by the use of the latter—advantage either in reduc- 
tion of scantling or in increased strength and ductil- 
ity. ‘ 

3. It is interesting to notice how very closely this 
series of tests confirms those in Table I., the E. L. and 
B. 8. in both annealed and unannealed samples corre- 





ponding, and having the same relation to each other 


Makes a fine tool tempered at dull red in boiling water. 


in both systems of tests, while the number of twists 
corresponds closely to the ductility as measured by ex- 
tension in the tensile tests. 

There are a few other properties of these alloys to 
which I will briefly refer. The specific gravity of 
nickel is given as 8°66 (we make it 8°86); that of ferro- 
nickel, if 25 per cent. nickel, 8°08; that of 10 per cent. 
nickel, 7°366; that of 5 per cent. nickel, 7°846; while 
the mean of our results of hammered steel is 7°84. 

The whole of the series of nickel steels up to 50 per 
cent. nickel take a good polish and finish, with a good 
surface, the color being lighter with the increased 
additions of nickel. 

In the very important matter of corrodibility, it is 
with the greatest satisfaction I can state that the steels 
rich in nickel are practically non-corrodible, and that 
those poor in nickel are much better than other steels 
in this respect. Thus some experiments we have made 
show that, as compared with mild steel of 0°18 carbon, 
5 per cent. nickel steel corrodes in the ratio of 10 to 12, 
and, as compared with steel having 0°40 carbon, with 
1°6 chromium, in that of 10to 15. In the case of 25 per 
cent. nickel steel, these ratios are as 10 is to 870 and 10 
to 1,160 respectively. These results were obtained by 
immersion of samples of the different steels in Abel's 
corrosive liquid, and the results confirmed by subse- 
quent immersion in water acidified by hydrochloric 
acid. Some samples of the richer nickel steels which 
have been lying exposed to the atmosphere for several 
weeks still show an untarnished fracture. 

The alloys up to 5 percent. of nickel can be ma- 
chined with moderate ease; beyond that strength 
they are more difficult to machine. The rer ones 
stand punching exceedingly well, both as rolled and 
after annealing. The punch holes can be put as close 
together as % in. without the metal showing any signs 
of cracking. 

The 1 per cent. nickel steel welds fairly well, but this 
quality deteriorates with each addition of nickel. 

The poorer alloys do not show any luster. but the 
richer ones have a lustrous appearance when the scale 
is removed. 

I do not think I have anything more to add as to the 
properties and qualities of these alloys, but it may be 
interesting to state the theory held by the inventors 
regarding their formation. They state that they adopt 
M. Chernoff’s view of steel—that it is composed of crys- 
tals of metallic iron cemented together by carbide of 
iron—and they account for the extra strength given to 
steel by nickel by its alloying with this carbide of 
iron to form a stronger ‘“‘cement;” that the space be- 
tween the crystals of iron is thus more completely 
filled, and the cohesion between them rendered much 
more powerful ; that the points of solidification of the 
cement and crystals are nearer, producing or maintain- 
ing a more intimate interweaving of the elements ; 
that their process of manufacture is necessary to cause 
the nickel to enter into combination and producea 
homogeneous alloy, as without it there would only be 
formed a mechanical mixture, not possessing homo- 
geneity, malleability, or ductility. 


+ Too hard to machine. Makes a good cutting tool when tempered in cold air blast, 


ity, and comparatively low E. L., it is extrewely well 
adapted for all operations involving considerable de- 
formation—for instance, for deep stamping and flan 
ing—while its non-corrodibility will render it inval- 
uable for a great number of purposes. 

This quality of non-corrodibility, considered with its 
strength, both elastic and ultimate, when unannealed, 
will render it specially useful in all cases where the 
cost of metal is of minor importance when contrasted 
with the cost of labor to be expended upon it, or its 
use for special purposes ; illustrations of these may be 
found in all sinall and special type boilers, in locomo- 
tive and other fire boxes, and in the hulls of torpedo 
and other similar vessels, where lightness and strength 
with non-corrodibility are of vital importance. 

In the region between 25 per cent. and say 5 percent. 
nickel we have an abundance of possibilities as yet 
comparatively unknown, in which I expect will be 
found materials for tool steel equal, if not superior, to 
anything at present known. 

But it is when we get to the alloys of 5 per cent. and 
under that I feel most interested, and I think most of 
you will sympathize with that feeling. 

I have already incidentally referred to the advan- 
tages the marine engineer will obtain by the use of 
these qualities for the shafts and other forgings used 
in his structures. I would now point to the suitability 
of these lower alloys to the other portions of his work. 
It is well known—it has been frequently stated by my 
friend Mr. Parker and others—that the recent advances 
in marine engineering, rendered possible by the use of 
high pressure steam, could not have been effected if it 
had not been that a metal superior to wrought iron 
was put at the engineer's dis . Conceive then of 
the possibilities now presen when a metal like No. 
6in the table No. I. is at his disposal, having, when 
aunealed, an ultimate strength of 30 per cent. and 
elastic limit of 60 or 70 per cent. higher than those of 
mild steel, with a nearly equal ductility, and the val- 
uable quality added of less liability to corrosion. He 
may at once greatly reduce his scantlings for present 
pressures, and get rid of wany difficulties of construc- 
tion, or he may avail himself of the increased strength 
to provide for still higher pressures. 

It will also be seen that these metals are equally im- 
portant to the shipbuilder and to the civil engineer. 
This is strongly brought out in considering the im- 
mense advantages to be derived from their use in large 
structures. Think for a moment of this in connection 
with the erection of the Forth bridge or of the Eiffel 
tower. If the engineers of those stupendous struc- 
tures had had at their disposal a metal of 40 tons 
strength and 28 tons elastic limit, instead of 30 tons 
strength and 17 tons elastic limit in the one case and 
say 22 tons strength and 14 to 16 tons elastic limit in 
the other, how many difficulties would have been re- 
duced in magnitude as the weight of materials was re- 
duced. The Forth bridge would have become even 
more light and airy, and the tower more netlike and 
graceful than they are at present. 





Then, as regards the requirements of the military 
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| | Diameter of Bar 1 in. 
: Lever 1 ft. long. Composition per cent. 
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In concluding, I may be permitted to indicate some 
of the possible uses to which these alloys may be ap- 
plied. It requires no powerful imagination to conjure 
up a most bewildering number of applications for 
which they are available. I find some difficulty in not 
becoming enthusiastic on the point, forin the wide 
range of properties or qualities possessed by these 
alloys, it really seems as if any conceivable demand 
could be met and satisfied. 

Of the richer alloys I do not intend to speak at any 
length, but would just remark that in the immense 
field covered by what are termed the ‘“‘metal trades,” 
innumerable applications will be found for which they 
are suitable. Some specimens of these applications 
are before you. 

Of the 25 per cent. nickel steel I would remark that 
with its peculiar properties of high B. 8., great ductil- | 





engineer, I am inclined to state firmly that there have 
not yet been placed at his disposal materials so well 
adapted to his purposes—whether of armor or of 
armament—as those I have now brought under your 
notice. 

In what may be called their natural condition these 
alloys have many properties which will commend them 
for these purposes, and when the best method of treat- 
ment, by Resdouting or tempering, has been arrived at, 
I believe that their qualities for armor will be unsur- 


In conelusion, I have to repeat what I stated in com- 
mencing, that I regret I have not been in a position to 
give you as much information about these alloys as I 
could have wished, but I have done my best in the 
time at my disposal and in the circumstances in which 
I found myself. : 
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ALUMINUM AND ITS EXTRACTION ON A 
COMMERCIAL BASIS. 


By F. J. 


THE metal aluminum has such peculiar and desirable 
qualities, especially in its use as an alloy with other 
metals, that the writer, in the year 1878, made some 
practical experiments looking to its production, which 
consisted mainly in the attempt to separate the metal 
from commercial zine, having found that the Missouri 
and Illinois product carried aluminum in a small per- 
centage ; and for this purpose he constructed a furnace 
by which the metals of greater or lesser specific gravity 
could be separated while in a molten state, relying 
upon the difference in their specific gravity, also upon 
the degree of heat at which each metal under treat- 
ment began to crystallize. From this peridd of time (the 
first recognition of natural affinity between the metal 
aluminum and zine) would sooner or later develop 
the economical process for their reduction. First ex- 
periments were made under the belief that the two 
metals could be reached together by distillation with 
appliances analogous to the distillation of zine ores, 
and that the two ores, by treating together with car- 
bon and other fluxes, could be cast down as an alloy in 
a metallic condition. Partial success was reached in 
these experiments, but it became apparent that the 
conditions for successful treatment should include an 
arrangement so complete that the very ethereal vapors 
distilled from the ores must be held under more rigid 
conditions than were needed for the distillation of 
zine ores alone ; and after repeated careful experiment 
on a practical basis, he finally determined that the 
economical process for obtaining the metal aluminum 
would be found by a process of vaporization and con- 
densation, and under such condition as would hold 
under proper control the vapors liberated and almost 
entirely excluded from contact with the atmosphere ; 
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cent. silica, the balance moisture and impurities, with 
a trace of iron. 

An abundant supply of clay adapted forthe pur- 
poses of treatment by this process is found in the State 
,of New York, notably in the vicinity of Syracuse. 
| Large deposits are also found in some of the Western 
| States and Territories, notably Colorado. Generally 
|the kaolin of all the deposits mentioned, except that 
| noticed in Virginia, shows about equal proportions of 
| aluminum and silica. 

The process herein described proposes to treat kaolin 
in its natural condition direct by heat, and includes 
making use of such fluxes as may be used to advan- 
tage in its reduction and concentration, and delivering 
it in the condition of oxide, and by subsequent treat- 
ment into an alloy of the two metals. 

A furnace proper for this"work may be described as 
follows, and would include capacity for reducing two 
tons of the ore of aluwina and zine in twenty-four 
hours. The use of fuelin form of gas is very desirable, 
as it may be obtained of such purity as to be driven 
directly upon the ores without crucibles. Its use as 
| fuel also enables making the process continuous, and 
| the necessity of stopping for cleaning and gathering the 

product a question of days, at the option of the oper- 
ator. 

The furnace for the reduction of ores may also be so 
constructed as to adinit of crucible work to be used in 
'the reduction of the oxide into metal alone, and the 
| production of alloys of aluminum with all the metals 
for which it has any affinity. 

The burners used in this furnace are constructed 
upon the blowpipe principle. Each burner has six 
| pipes for gas and thirteen pipes for air. The gas is de- 
livered through the burner and into the furnace under 
a pressure of one and a half pounds ; the air is delivered 
through the burner and into the furnace under about 
| the same pressure ; the gas and air first come into con- 

tact at the point where combustion first takes place. 








also subject to such conditions as would allow the |The force by which each is impelled carries the con- 
introduction of hydrocarbon and other gases at any | suming gas and heat directly upon the ores under 
time needed to make perfect reduction and concentra-|treatment. Both gas and air have their independent 
tion of the silica and impurities, thereby making such | chamber and valve, and the proportions of each, as de- 
concentration as would deliver the mineral contained | livered into the furnace, is such as to make combustion 
in the ores in the condition of their oxides at one point, | perfect, and both under complete control of the oper- 
and the impurities to be delivered at another, and to|ator. The result of this arrangement includes an in- 
be done by such an arrangement of appliances as would | tense heat exactly upon the points in the furnace de- 


include cheap labor and the handling of large numbers 
of furnaces and large quantities of material. 

Early effort to obtain this metal may be said to have 
commenced about the year 1855, since which time 
Messrs. Bell & Co., Wurtz & Co., De Ville, Wohler, 
and later James Webster and Freishmuth, of our own 
country, have each made success in obtaining the 
metal, but at such cost as to exclude its use for com- 
mon purposes, and thereby it has been out of reach 
for those purposes for which its inherent qualities ren- 
der the metal peculiarly adapted. 


|sirable to reach. The reduction chamber of this fur- 
|nace may be fourteen inches square and fifteen feet 
long, provided at its ends with adjustable openings for 
the = of raking out the debris after the mineral 
has been expelled ; also, provided at intervals, extend- 
| ing along its entire length, at its side surface, with 
openings to admit the projection of the pipes or burners 
to the proper distance under the outer wall of the fur- 
nace. Each burner having its independent supply of 
gas and air, and once adjusted, will run continuously 
for an indefinite length of time without changing the 





My process for obtaining aluminum is substantially | degree of heat attained in the furnace chamber. 
as follows, and consists in taking the navural earths| This furnace is also provided at its upper side or floor 
carrying the metal and treating them with calamine or | with openings, at intervals, for the admission of cruci- 
carbonate zinc ore and other fluxes. | bles or ores for concentration ; and, also, with appli- 

The formula is substantially as follows: Carbonate ances for lifting crucibles from the reduction chamber, 
zine ore 100 parts, kaolin 100 parts, carbon, either as| when desired. Each of the openings, as before deserib- 
anthracite coal or its equivalent in hydrocarbon gas, |ed, communicates directly with the reduction cham- 
125 parts, pearlash or its equivalent 15 parts, chloride | ber, and is each provided with a separate flue, and all 
sodium orits equivalent 10 parts, and may be varied | communicate with a common heating chamber lying 
somewhat, all these parts (except hydrocarbon gas | above and parallel, and is a part of furnace construc- 
when used) to be intimately mixed together by grind- | tion, as described above. This heating chamber is 30 
ing — ee a - - a a + Sapam ae 15 on whegs nanny So 

t has been found that the earths or ores peculiar to | ed so thoroughly as to be able to sustain as great hea 

America carrying aluminum are mainly composed of | as the reduction chamber below, and may be designated 
silica and alumina in about equal proportion, viz., an | chamber No. 1. 
average 40 per cent. alumina and 45 per cent. silica, the| The mineral vapors expelled from the ores are carried 
balance of parts being moisture and impurities. The) by the blast and natural draught into this heating 
union of the alumina and silica as found in the natural | chamber, and there become homogeneous and uniform- 
earths is to a certain extent a mechanical, not a chemi-|ly sublimated. This is desirable, as the ores are fed into 
cal one, and it has also been found that all attempts to the reduction chamber below at somewhat irregular 
cast down the metal from the natural earths directly or | intervals. This heating chamber is provided at the 
by any process analogous to the general method of me- | top and center with asingle outlet which communicates, 
tallurgic operation, or to the method generally in use for|by means of a flue, with a brick chamber, No. 2, 15 
the distillation of zinc ores, have failed, for the reason | feet in diameter and 8'¢ feet high. The result to be se- 


that alumina in its natural condition, as found in the! cured by this chamber is a reduction of the heat and 
J 





various earths, is so very highly sublimated, also is so mineral vapors ; also allows the vapors carrying the 


very light in its specific gravity when reduced into a 
metallic condition, that all the common methods of 
treating it by heat, either in an open crucible or by 
distillation, will fail to cast it down in any way 
analogous to the common methods of treating ores. 

The method herein described consists mainly in the 
use of zine ore of the calamine or carbonate order, with 
kaolin or earths carrying alumina, for the reason that 
the one metal has such chemical affinity for the other, 
and the one such greater gravity than the other, that 
when mixed in proper proportions and subjected to 
heat under conditions as hereinafter explained, the one 
will act as a flux and assist in liberating the oxides to be 
taken down together, either as the oxides of the two 
metals, or in a metallic condition. 

The deposit of alumina in all the rocks and earths is 
found in such sublimated condition as to approach 
more closely than most other deposits of mineral to 
what may be stated as nearer the density of the atmo- 
sphere, and under a moderate degree of heat is expelled 
in such rarefied vapor as to escape observation. 

A quantity of kaolin placed under heat in open 
crucible (showing 40 per cent. alumina by critical 
analysis) will vaporize before the silica is calcined and 
reduced, and will have entirely disappeared, so that no 
trace is found by the same analysis as the one preced- 
ing its being placed under heat. 

Many inquiries have been made to determine from 
what source the great deposit of alumina is projected. 
Geologists determine that one-eighth per cent. of the 
entire crust of the earth is an aluminous deposit, There 
are certain localities and special formations of the 
earth's surface that show in excess the deposit of this 
mineral, notably the drift clays in America. 
valiey of the Connecticut river showsa drift clay of 
ancient origin, yet the deposit is still progressing, re- 
sulting mainly from the abrasion of granite and feld- 
spar rocks carried down by the current and left as 
sediment, accumulating since the early history of this 
notable river. 

Extensive deposits of kaolin are found in the State of 
Georgia almost white and free from iron. This kaolin 
will show 40 per cent. aluminum, 47 per cent. silica, the 
balance moisture and impurities. 

An immense deposit of kaolin clay is found in 
Virginia, carrying 60 per cent. aluminum and 9 per 


® 


oxides of the minerals to become more homogeneous 
and better fitted for treatment by the reagents for pre- 
| cipitation, which is to follow. This chamber is provid- 
ed with outlets at intervals through its arched top, 
| which becomes the floor of the chamber to which it 
communicates, 
| Chamber No. 3 is of brick and thoroughly built ; is 
| 15 feet diameter, 104¢ feet high, and cone shaped. ‘The 
|heat and vapors coming from the chamber below, 
through the arched floor, are met in this chamber by a 
spray of a weak solution of carb. potash, forced intoa 
spray by a pressure of the atmosphere driven by a 
| pressure blower. This chamber is also provided at its 
|extreme upper end with an outlet through which pro- 
jects a pipe, which may serve two purposes, one for 
| carrying the hydrates of ammonia into and among the 
| heat and vapor with which it is constantly being sup- 
plied, and the other as a measure of safety in determin- 
|ing the pressure carried. This is done by means of a 
| pressure gauge attached to the lower end of the pipe 
or outlet. 

This cone-shaped chamber, No. 3, is provided with 
}an outlet pipe, somewhat below the center of its alti- 
tude, 20 inches in diameter, and communicates with a 
|series of copper cylinders 6 feet in diameter and 5 feet 
long. These copper cylinders are placed at intervals 
| of about six feet, the one from the other, and commu- 
|nication with each made by a continuation of the 20 
jinch pipe. This pipe extends beyond the copper cylin- 
|ders and into a chimney forthe escape of sulphurous 
| material, if desired. The outlet pipe near the chimney 
|is provided with a damper, or means for shutting off or 
| checking the escape of any material that would be de- 
sirable to save, thus enabling the product continually 
liberated from the reduction furnace to be treated 
throughout the system on the retort or distillation prin- 
ciple. The copper cylinders or condensers are each 
provided, at their extreme upper diameter, with in- 
let pipes, which project inside the cylinders, to which 
| are attached a bulb or sprayer, for the purpose of fill- 
ing the inside of the cylinders with water in a mist or 
spray carrying a reagent in order to make complete the 
precipitation of the mineral vapors coming from the 
reduction furnace. 

This system of reduction and appliances enables the 
operator to bring the heat and saliinated oxides liber- 














ated from the ores by the reduction furnace through a 
series of cooling and condensing chambers, and then 
down to nearly the normal temperature of the atmo- 
sphere, which includes the opportunity to have made 
cou plete precipitation of the mineral contained in the 
ores under treatment. The copper condensing cylin- 
ders are also provided, at the extreme point of their 
lower diameter, with outlet pipes through which are 
carried automatically the flow of water and condensed 
mineral down and into vaporizing and drying pans. 
These pans are 24 feet long, 5 feet wide, and 5 inches 
deep. The flow of water or fluid coming from the con- 
densing cylinders is directly over and in contact with 
heat, and at such degree as will vaporize the water 
from the mineral coming from the condensing cylinders 
and chambers about as rapidly as will keep the vaporiz- 
ing pans from overflow. This enables the operator to 
make his runs of the furnace of such length as to result 
in econowy in gathering the mineral, and all from the 
reducing chamber through to the product of dry oxide, 
and may be made rapid or slow, according to the de- 
gree of heat applied at the reduction furnace, including 
the amount of cooling luaterial and reagents threugh 
which the liberated mineral vapors are obliged to come 
into contact in their transmission through the various 
stages of cooling and precipitating. This process will 
deliver the oxides nearly chemically pure, and in such 
condition as to be readily absorbed by metals in a 
molten state, notably iron, steel, copper, tin, and zine, 
making an alloy with these metals, and increasing 
greatly their good qualities. 

This product of alloys, including aluminum, bronze, 
nickel and tin alloys, aluminized iron and steel, is cru- 
cible work, and may be done in what is here described 
as the reduction furnace, and as follows. The metal 
to be alloyed is first placed in the crucible and under 
heat, and after being brought to a melted condition of 
ebullition, the fluxes, which include the oxides, are 
added, and then the crucible covered, and should be 
subjected to high heat for forty-five minutes, or until 
the fluxes have been almost disintegrated and ab- 
sorbed by heat. Copper and nickel alloys with alumi- 
num are greatly improved in quality by being recast, 
and do not lose their durable qualities by this being re- 
peated many times. The reduction of the oxides alumi- 
num and zine into their alloys consists in packing a 
quantity of the oxides in crucibles, first having been 
thoroughly and intimately mixed with carbon and 
‘at a fluxes, and subjecting to a proper degree of 

eat. The character of the treatment of the two ores 
has led them into such intimate and such close rela- 
tionship that under heat as above a considerable por- 
tion of the metals contained in the oxide is liberated, 
and the heavy metal will carry the lighter down into 
an alloy, and the percentage of each will correspond 
nearly to the percentage of each ore submitted for 
treatinent in the reduction furnace. 

The separation of the aluminum from the zine, as 
found in the alloys obtained as described above, may 
be accomplished by two methods. One by heat and 
nearly complete volatilization of the zine, leaving the 
aluminum behind. Metallic zine volatilizes easily and 
is easily expelled from the alloy. Aluminum does not 
volatilize easily after once ina metallic condition. This 
may be done and separations made under conditions 
in which the vaporized zine a be saved. 

Another method is accomplished by the difference in 
their specific gravity, which under moderate heat, and 
separating by agitation, the lighter metal may be 
taken from the surface almost chemically pure, and 
the heavier metal from the bottom. It is desirable 
that by this process of separation the volume of metal 
under treatment should be of such quantity that fresh 
alloy may be added from time to time without chang- 
ing materially the temperature of the volume under 
heat, thereby making the process continuous and the 
two metals zinc and aluminum obtained in commer- 
cial form and useful for any purpose for which the two 
metals may be adapted. 








ALUMINUM.* 
By Sir Henry Roscokg, M.P., D.C.L., LL.D., V.P.R.S. 


CHEMIsts of many lands have contributed to our 
knowledge of the .metal aluminum. Davy, in 1807, 
tried in vain to reduce alumina by means of the elee- 
tric current. Ocrstedt, the Dane, in 1824 pointed out 
that the metal could be obtained by treating the 
chloride with an alkali metal; this was accomplished 
in Germany by Wohler in 1827, and more completely 
in 1845, while in 1854, Bunsen showed how the metal 
ean be obtained by electrolysis. But itis to France, 
by the hands of Henri Ste.-Claire Deville, in the same 
year, that the honor belongs of having first prepared 
aluminum in astate of purity and of obtaining it on 
a scale which enables its valuable properties to be re- 
cognized and made available, and the bar of ‘‘silver- 
white metal from clay” was one of the chemical won- 
ders in the first Paris exhibition of 1855. Now Eng- 
land and America step in, and I have this evening to 
relate the important changes which further investiga- 
tion has effected in the metallurgy of aluminum. The 
process suggested by Oerstedt, carried out by Wohler, 
and modified by Deville, remains in principle un- 
changed. The metal is prepared, as before, by a re- 
duction of the double chloride of aluminum and so- 
dium, by means of metallic sodium in presence of 
eryolite ; and it is therefore not so much a description 
of a new reaction as of improvements of old ones of 
which I have to speak. 

I may perhaps be allowed to remind my hearers that 
more than 33 years ago, Mr. Barlow, then secretary to 
the Institution, delivered a discourse in the presence of 
M. Deville on the properties and mode of preparation 
of aluminum, then a novelty. He stated that the 
metal was then sold at the rate of £3 per ounce, and 
the exhibition of a small ingot, cast in the laboratory 
by M. Deville, was considered remarkable. As indi- 
eating the progress since made, I may remark that the 
metal is now sold at 20s. per lb., and manufactured by 
the ton, by the Aluminum Company, at their works 
at Oldbury, near Birmingham. The improvements 
which have been made in this manufacture by the zeal 
and energy of Mr. Castner, an American metallurgist, 
are of so important a character that the process may 
properly be termed the Deville-Castner process. 

The production of aluminum previous to 1887 prob- 





* A Jecture delivered at the Royal Institution of Great Britain, May 3, 
1889.— Chem. News. 
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ably did not exceed 10,000 lb. per annum, while the | 
price at that time was very high. To attain even this 
production required that at least 100,000 Ib. of double 
chloride and 40,000 Ib. of sodium should be manufac- 
tured annually. From these figures an idea of the 
magnitude of the undertaking assumed by the Alumi- 
num Company may be estimated, when we learn that 
they erected works having an annual producing capa- 
city of 100,000 lb. of aluminum. To accomplish this 
required not only that at least 400,000 lb. of sodium, 
800,000 lb. of chlorine, and 1,000,000 lb. of double 
chloride should be annually manufactured, but in ad- 
dition that each of these materials should be produced 
at a very low cost, in order to enable the metal to be 
sold at 20s. per lb. 

The works now cover a space of nearly five acres. 
They are divided into five separate departments, viz., 
1st, sodium ; 2d, chlorine ; 3d, chloride; 4th, alumi- 
num ; and 5th, foundry, rolling, wire mills, ete. 

In each department an accurate account is kept of 
the production each day, the amount of material used, 
the different furnaces and apparatus in operation, etc. 
In this manner it has been found possible to ascertain 
each day exactly how the different processes are pro- 
gressing, and what effect any modification has, either 
on cost, quantity, or quality of product. By this 
means a complicated chemical process is reduced to a 
series of very simple operations, so that while the pro- 
cesses are apparently complicated and difficult to carry 
out successfully, this is not the case now that the de- 
tails connected with the manufacture have been per- 
feeted, and each operation carried on quite independ- 
ently until the final materials are brought together 
for the production of the alaminum. 


MANUFACTURE OF SODIUM. 


The first improvement occurs in the manufacture of 
sodium by what is known as the ‘‘ Castner process.” 
The successful working of this process marks an era in 
the production of sodium, as it not only has greatly 
cheapened the metal, but has enabled the manufac- 
ture to be carried out upon a very large scale with 
little or no danger. Practically, the process consists 
in heating fused caustic soda in contact with carbon 
while the former substance is in a perfectly liquid con- 
dition. By the process in vogue before the introduction 
of this method, it was always deemed necessary that 
special means should be taken to guard against actual 





fusion of the mixed charges, which, if it were to take 
place, would to a large extent allow the alkali and re- | 
ducing material to separate. Thus, having an infasi- | 
ble charge to heat, requiring the employment ofa very | 
high temperature for its decomposition, the iron ves- | 
sels must be of small circumference to allow the pene- | 
tration of the heat to the center of the charge without | 
actually melting the vessel in which the materials are | 
heated. By the new process, owing to the alkali being | 
in a fused or perfectly liquid condition in contact di- 
rectly with carbon, the necessity of this is avoided, 
and consequently, the reduction can be carried on in 
large vessels at a comparatively low temperature. 
The reaction taking place may be expressed as fol- 


lows : 
3NaHO+C=Na.COU,+3H+Na. 


The vessels in which the charges of alkali and re- 
ducing material are heated are of egg-shaped pattern, 
about 18inches in width at their widest part and about 
3‘feet high, and are made in two portions, the lower 
one being actually in the form of a crucible, while the 
upper one is provided with an upright stem and a pro- 
truding hollow arm. This part of the apparatus is 
known asthe cover. In commencing the operation, 
these covers are raised in the heated furnace through 
apertures provided in the floor of the heated chamber, 
and are then fastened in their place by an attachment 
adjusted to the stem; the hollow arm extends outside 





the furnace. Directly below each aperture in the bot- 
tom of the furnace are situated the hydraulic lifts, at- 
tached to the top of which are the platforms upon 
which are placed the crucibles to be raised into the | 
furnace. Attached to the hydraulic lifts are the usual 
reversing valves for lowering or raising, and the plat- 
form is of such a size as, when raised, completely to fill 
the bottom aperture of the furnace. The charged cru- 
cible, being placed upon the platform, is raised into 
its position, the edges meeting those of the cover, form- 
ing an air-tight joint which prevents the escape of gas 
and vapor from the vessel during reduction, except by 
the hollow arm provided for this purpose. The natural 
expansion of the iron vessels is accommodated by the 
water pressure in the hydraulic lifts, so that the joint 
of the cover and crucible are not disturbed until it is 
intended to lower the lift for the purpose of removing 
the crucible. 

The length of time required for the first operation 
of reduction and distillation is about two hours. At 
the end of this time the crucibles are lowered, taken 
from the platforms by a large pair of tongs on wheels, 
carried toa dumping pit, and thrown on their side. 
The residue is cleaned out, and the hot pot, being 
again gripped by the tongs, is taken back to the fur- 
nace. On its way, the charge of alkali and reducing 
material is thrown in. It is again placed on the lift | 
and raised in position against the edges of the cover. | 
The time consumed in making the change is one and a 
half minutes, and it only requires about seven minutes 
to draw, empty, recharge, and replace the five cruci- | 
bles in each furnace. In this manner the crucibles re- 
tain the greater amount of their heat, so that the ope- 
ration of reduction and distillation now only requires 
one hour and ten minutes. Each of the four furnaces, 
of five crucibles each, when in operation, is drawn al- 
ternately, so that the process is carried on night and 

ay. 

Attached to the protruding hollow arm from the 
cover are the condensers, which are of a peculiar pat- 
tern specially adapted to this process, being quite dif- 
ferent from those formerly used. They are about 5 
inches ip diameter, and nearly 3 feet long, and havea 
small opening in the bottom about 20 inches from the 
nozzle. The bottom of these condensers is so inclined 
that the metal condensed from the vapor issuing from 
the crucible during reduction flows down and out into 
a small pot placed directly below this opening. The 
uncondensed gases escape from the condenser at the 
further end, and burn with the characteristic sodium 
flame. The condensers are also provided with a small 
hinged door at the further end, by means of which the 
workmen from time to time may look in to observe how 








the distillation is progressing. Previous to drawing 
the crucibles from the furnace for the purpose of 
emptying and recharging, the small pots each con- 
taining the distilled metal are removed, and empty 
ones substituted. Those removed each contain on an 
average about 6 lb.-of metal, and are taken directly to 
the sodium casting shop, where it is melted and cast, 
either into large bars ready to be used for making 
aluminum, or in smaller sticks to be sold. 

Special care is taken to keep the temperature of the 
furnaces at about 1,000° C., and the gas and air valves 
are carefully regulated, so as to maintain as even a 
temperature as possible. The covers remain in the 
furnace from Sunday night to Saturday afternoon, and 
the crucibles are kept in use until they are worn out, 
when new ones are substituted without interrupting 
the general running of the furnace. A furnace in 
operation requires 2501b. of caustic soda every one 
hour and ten minutes, and yields in the same time 30 
lb. of sodium and about 240 lb. of crude carbonate 
of soda. With the four furnaces at work 120 lb. of 
sodium can be made every seventy minutes, or over a 
ton in the twenty-four hours. The residual carbonate, 
on treatment with lime in the usual manner, yields 
two-thirds of the original amount of caustic operated 
upon. The sodium, after being cast, is saturated with 
kerosene oil, and stored in large tanks holding several 
tons, placed in rooms specially designed both for se- 
curity against either fire or water. 


CHLORINE MANUFACTURE. 

This part of the works is connected with the adja- 
cent works of Messrs. Chance Bros. by a large gutta 
percha pipe, by means of which from time to time hy- 
drochloric acid is supplied direct into the large storage 
cisterns, from which it is used as desired for making 
the chlorine. For the preparation of the chlorine gas 
needed in making the chloride, the usual method is 
employed ; that is, hydrochloric acid and manganese 
dioxide are heated together, when chlorine gas is 
evolved with effervescence, and is led away by earth- 
enware and lead pipes to large lead-lined gasometers, 
where it is stored. 

The materials for the generation of the chlorine are 
brought together in large tanks, or stills, built up out 
of great sandstone slabs, having rubber joints, and the 
heating is effected by the injection of steam. The 
evolution of gas, at first rapid, becomes gradually 
slower, and at last stops; the -hydrochloric acid and 
manganese dioxide being converted into chlorine and 
manganous chloride. This last compound remains dis- 
solved in the “spent still liquor,” and is reconverted 
into manganese dioxide,to be used over again, by Wel- 
don’s manganese recovery process. Owing to the diffi- 
culty of keeping up a regularsupply of chlorine under 
a constant pressure directly from the stills, in order 
that the quantity passed into the sixty different retorts 
in which the double chloride is made can be regulated 
and fed as desired, four large gasometers were erected. 
Each of these is capable of holding 1,000 cubic feet of 
gas, and is completely lined with lead, as are all the 
connecting mains, ete., this being the only available 
metal which withstands the corrosive action of chlo- 
rine. The gasometers are filled in turn from the stills, 
the chlorine consumed being taken direct from a gaso- 
meter under a regular pressure untilit is exhausted; 
the valves being changed, the supply is taken from 
pe eagpe holder, the emptied one being refilled from 
the still. 


MANUFACTURE OF THE DOUBLE CHLORIDE. 


Twelve large regenerative gas furnaces are used for 
heating, and in each of these are fixed five horizontal 
fire clay retorts about 10 feet in length, into which the 
mixture for making the double chloride is placed. 
These furnaces have been built in two rows, six on a 
side, the clear eway down the center of the 
building, which is about 250 feet long, being 50 feet in 
width. Above this central passage is the staging, car- 
rying the large lead mains for the supply of the 
chlorine coming from the gasometers. Opposite each 
retort and attached to the main are situated the reg- 
ulating valves, connected with lead and earthenware 
pipes, for the regulation and passage of the chlorine to 
each retort. The valves are of peculiar design, and 
have been so constructed that the chlorine is made to 
ea through a certain depth of liquid, which not only, 

y Opposing a certain pressure, allows a known quan- 
tity of gas to pass ina given time, but also prevents 
any return from the retort into the main, should an 
increase of pressure be suddenly developed in the re- 
torts. 

The mixture with which the retorts are charged is 
made by grinding together hydrate of alumina, salt, 
aud charcoal. This mixture is then moistened with 
water, which partially dissolves the salt, and thrown 
intoa pug millof the usual type for making drain 
pipes, excepting that the mass is forced out into solid 
cylindrical lengths upon a platform alongside of which 
a workwan is stationed with a large knife, by means 
of which the material is cut into lengths of about three 
inches each. These are then piled on top of the large 
furnaces to dry. Ina few hours they have sufficiently 
hardened to allow of their being handled. They are 
then transferred to large wagons, and are ready to be 
used in charging the retorts. 

The success of this process is in a great measure de- 
pendent, ist,on the proportionate mixture of mate- 
rials ; 2d, on the temperature of the furnace ; 3d, on 
the quantity of chlorine introduced ina given time, 
and 4th, on the actual construction of the retorts. I 
ain, however, not at liberty to discuss the details of this 
part of the process, which have only a commercial in- 
terest. In carrying on the operation the furnaces or 
retorts. when at the proper temperature, are charged 
by throwing in the balls until they are quite full, the 
fronts are then sealed up, and the charge allowed to 
remain undisturbed for about four hours, during which 
time the water of the alumina hydrate is completely 
—— At the end of this time the valves on the 
chlorine main are opened, and the gas is allowed to 
pass into the charged retorts. In the rear of each re- 
tort, and connected therewith by means of an earth- 
enware pipe, are the condenser boxes, which are built 
in brick. These boxes are provided with openings or 
doors, and also with earthenware pipes, connected with 
a sinall flue for carrying off the uncondensed vapors to 
the large chimney. At first the chlorine passed into 
each retort is all absorbed by the charge, and only 
carbonic oxide escapes into the open boxes, where it 


burns. After a certain time, however, dense fumes 
are evolved, and the boxes are then closed, while the 
connecting pipe between the box and the small floe 
serves to carry off the uncondensed vapors to the 
chimney. — 

The reaction which takes place is as follows : 


Al,O;+2NaCl+8C+6Cl1=2AI1Cl,NaCl+-38C00. 


The chlorine is passed in for about seventy-two hours 
in varying quantity, the boxes at the back being opened 
from time to time by the workmen to ascertain the 
progress of the distillation. At the end of the time 
mentioned the chlorine valves are closed and the boxes 
at the back of the furnace are all thrown open. The 
erude double chloride, as distilled from the retorts, 
condenses in the connecting pipe and trickles down 
into the boxes, where it solidifies in large irregular 
masses. The yield from a bench of five retorts will 
average from 1,600 to 1,800 lb., which is not far 
from the theoretical quantity. After the removal 
ot the crude chloride from the condenser boxes 
the retorts are opened at their charging end, and the 
residue, which consists of a smal] quantity of alumina, 
charcoal, and salt, is raked out and remixed in certain 

»sroportions with fresh material to be used over again. 

he furnace is immediately recharged and the same 
operations repeated, so that from each furnace upward 
of 8,500 1b. of chloride are obtained weekly. With ten 
of the twelve furnaces iets at work the plant is easily 
capable of producing 30,000 lb. of chloride per week,or 
1,500,000 Ib. per annum. 

Owing to the presence of iron, both in the materials 
used (viz., charcoal, alumina, ete.) and in the fire clay 
composing the retorts, the distilled chloride always 
contains a varying proportion of this metal in the form 
of ferrous and ferric chlorides. When it is remembered 
that it requires 10 lb. of this chloride to produce 1 Ib. 
of aluminum by reduction, it will be quite apparent 
how materially a very small percentage of iron in the 
chloride will influence the quality of the resulting 
metal. I may say that, exercising the utmost care as 
to the purity of the alumina and the charcoal used, 
and after having the retorts made of special fire clay 
containing only a very small percentage of iron, it was 
found almost impossible to produce upon a large scale 
a chloride containing less than 0°3 per cent. of iron. 

This crude double chloride, as it is now called at the 
works, is highly deliquescent, and varies in color from 
la light yellow to a dark red. The variation in color is 
not so much due to the varying percentage of iron 
contained as to the relative proportion of ferric or fer- 
rous chlorides present, and although a sample may be 
either very dark or quite light, it may still contain 
only a small percentage of iron if it be present as ferric 
salt, or a very large percentage if it is in the ferrous 
condition. 

Even when exercising all possible precautions, the 
average analysis of the crude double chloride shows 
about 0°4 per cent. of iron, The metal subsequently 
made from this chloride, therefore, never contained 
much less than about 5 per cent. of iron, and, as this 

uantity greatly injures the capacity of aluminum for 
deawiag into wire, rolling, etc., the metal thus obtain- 
ed required to be refined. This was successfully ac- 
complished by Mr. Castner and his able assistant Mr. 
Cullen, and for some time all the metal made was re- 
fined, the iron being lowered to about 2 per cent. 

The process, however, was difficuit to carry out, and 
required careful inanipulation, but as it then seemed 
the only remedy for effectively removing the iron, it 
was adopted and carried on for some time quite suc- 
cessfully, until another invention of Mr. Castner’s ren- 
dered it totally unnecessary, This consisted in purify- 
ing the double chloride before reduction. 

I cannot now explain this process, but I am able to 
show some of the product. This purified chloride,or pure 
double chloride, is, as you see, quite white, and is far less 
deliquescent than the crude, so that it is quite reason- 
able to infer that this most undesirable property is 
greatly due to the former presence of iron chlorides. 
I have seen large quantities containing upward of 144 
per cent. of iron, or 150 Ib. to 10,000 of the chloride, 
completely purified from iron in a few minutes, so that, 
while the substance before treatment was wholly unfit 
for the preparation of aluminum, owing to 'the pre- 
sence of iron, the result was, like the sample exhibited, 
a mass containing only 1 Ib. of iron in 10,000, or 0 01 per 
cent. The process is extremely simple, and adds little 
or no appreciable cost to the final product. After 
treatment, this pure chloride is melted in large iron 
pots and run into drums similar to those used for 
storing caustic soda. As far as 1 am aware it was gen- 
erally believed to be an impossibility to remove the 
iron from anhydrous double chloride of aluminum 
and sodium, and few, if any, chemists have ever seen 
a pure white double chloride. 

ALUMINUM MANUFACTURE. 

I now come to the final stage of the process, viz., the 
reduction of the pure double chloride by sodium. This 
is effected, not in a tube of Bohemian glass, as shown 
in Mr. Barlow’s lecture in 1856, butin a large reverbera- 
tory furnace, having an inclined hearth about six feet 
square, the inclination being toward the front of the 
furnace, through which are several openings at differ- 
ent heights. The pure chloride is ground together 
with cryolite in about the proportions of two to one, 
and is then carried to a staging erected above the re- 
ducing furnace. The sodium, in large slabs or blocks, 
is run through a machine similar to an ordinary to- 
bacco cutting machine, where it is cut into small, thin 
slices : it is then also transferred to the staging above 
the reducing furnace. 

Both materials are now thrown into a large revolv- 
ing drum, when they become thoroughly mixed. The 
drum being opened and partially turned, the contents 
drop out into acar on a tramway directly below. The 
furnace having been raised to the desired temperature, 
the dampers of the furnace are all closed to prevent the 
access of air, the heating gas also being shut off. The 
ear is then moved out on the roof of the furnace until 
it stands directly over the center of the hearth. The 
furnace roof is provided with large hoppers, and 
through these openings the charge is introduced as 
quickly as possible. The reaction takes place almost 
immediately, and the whole charge quickly liquefies. 
At the end of a certain time the heating gas is again 
introduced and the charge kept at a moderate tem- 
—— for about two hours. Ai the end of this period 

furnace is tapped by driving a bar through the lower 
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opening, which has previously been stopped with a fire 
clay plug, and the liquid metal run out ina silver stream 
into moulds placed below the opening. When the metal 
has ail been drawn off, the slag is allowed to run out 
into small iron wagons and removed. The openings 
being again plugged up, the furnace is ready for 
another charge. From each charge, composed o/ about 
1,200 Ib. of pure chloride, 600 Ib. of eryolite, and 450 Ib. 
of sodium, about 115 to 120 |b. of aluminum is ob- 
tained. 

The purity of the metal entirely depends upon the 
purity of the chloride used, and without exercising 
more than ordinary care the wetal tests usually indi- 


cate a purity of metal above 99 per cent. On the! 
table is the metal run from a single charge, its weight | 


is 116 lb., and its composition, as shown by analysis, 
is 992 alaminuim, 0% silicon, and OS iron. This | be- 
lieve to be the largest and the purest mass of metal 
ever made in one operation. 


The results of eight or nine charges are laid on one | 


side, and then melted down in the furnace to make a 
uniform quality, the liquid metal, after a good stirring, 
being drawn off into moulds. These large ingots, 
weighing about 60 lb. each, are sent to the casting 
shop, there to be melted and cast into the ordinary 
pigs, or other shapes, as may be required for the mak- 
ing of tubes, sheets, or wire, or else used directly for 
making alloys of either copper or iron. 

The following table shows approximately the quan- 
tity of each material used in the production of one ton 
of aluminun : 


Metallic sodium..... br. meenareeedmes 6,300 Ib. 
PPD GUOOUIIDN. 60 cc cecesescceseves 22,400 Ib. 
er SeveReees ees 8,000 Ib. 
aM aes. netide esta Wesatereeeress 8 tons, 


To produce 6,300 lb. of sodium is required : 


CNIS GOER. oo. 00 00 scvvcccess .. 44,000 Ib. 
Carbide made from pitch, 12,000 Ib., 

and iron turnings, 1,000 1b.. ...... 7,000 Ib. 
Crucible castings............ ere 2} tons. 
ET cheese ee so «ekeneess cuceenne ee 75 tons, 


For the production of 22,400 lb. double chloride is 
required : 


I itn a whines ae vieewevanke 8,000 Ib. 
Mlamina hydrate... ...cccccccccess 11,000 Ib. 
IDS i.dubesc ce rineescewsees 15,000 Ib. 
SE: decesus dou dedaeerhabideeeden 180 tons. 


For the production of 15,000 lb. of chlorine gas is re- 
quired : 


Hydrochloric acid ............... 180,000 Ib. 


CRS «256 wadees acueses 45,000 Ib. 
Cd, Cedddnbenadieetnaseuwn 30,000 Ib. 
Loss of manganese ................. 1,000 Ib. 


(These figures were rendered more evident by the 
aid of small blocks, each cut a given size so as to re- 
present the relative weights of the different materials 
used to produce one unit of aluminum.) 

It might seem, on looking over the above numbers, 
as if an extraordinary amount of waste occurred, and 
as ifthe production is far below that which ought to be 
obtained, but a study of the figures will show that this 
is not the case. I would wish to call attention to one 
item in particular, viz., fuel, it having been remarked 
that the consumption of coal must prevent cheap pro- 
duction. I think when it is remembered that coal, 
such as used at the works, costs only 4s. per ton, while 
the product is worth £2,240 per ton, the cost of coal is 
not an item of consequence in the cost of production. 
The total cost of the coal to produce one ton of metal 
being £50, the actual cost for fuel is less than sixpence for 
every pound of aluminum produced. The ratio of 
cost of fuel to value of product is indeed less than is 
the case in making either iron or steel. In concluding 
my remarks as to the method of manufacture and the 
process in general, | may add that I do not think it is 
too much to expect, in view of the rapid strides already 
made, that in the future further improvements and 
modifications will enable aluminum to be produced 
and sold even at a lower price than appears at present 
possible. 

PROPERTIES OF ALUMINUM. 


In its physical properties aluminum widely differs 
from all the other metals. Its color is a beautiful 
white, with a slight blue tint. 
color becomes more apparent when the metal has 
been worked, or when it contains silicon or iron. The 
surface may be made to take a very high polish, when 
the blue tint of the metal becomes manifest, or it may 
be treated with caustic soda and then nitric acid, which 
will leave the metal quite white. The extensibility or 
malleability of aluminum is very high, ranking with 
gold and silver if the metal be of good quality. It may 
be beaten out into thin leaf quite as easily as either 
gold or silver, although it requires more careful anneal- 
ing. 

It is extremely ductile and may be easily drawn, 
especial care only being required in the annealing. 

The excessive sonorousness of aluminum is best 
shown by example (large suspended bar being struck). 
Faraday has remarked, after experiments conducted 
in his laboratory, that the sound produced by an ingot 


of alaminum is not simple, and one may distinguish | 


the two sounds by turning the vibrating ingot. 

After being cast it has about the hardness of pure 
silver, but may be sensibly hardened by hammering. 

Its tensile strength varies between 12 and 14 tons to 
the inch (test sample which was shown having been 
broken at 13 tons or 27,000 Ib), ordinary cast iron 
being about 8 tons. Comparing the strength of ala- 
minum in relation to its weight, it is equal to steel of 
38 tons tensile strength. The specific gravity of cast 
aluminum is 2°58, but after rolling or hammering this 
figure is increased to about 2°68. 

The specific gravity of aluminum being 1, copper is 
#°6, niekel 3°5, silver 4, lead 4°8, gold 7°7. 

The fasibility of aluminum has been variously stated 
as being between that of zine and silver, or between 
600° and 1,000° C. 

As no reliable information has ever been made publie 
on this subject, ny friend Professor Carnelley under- 
took to determine it. I was aware, from information 
gained at the works at Oldbury, that a small increase 
in the percentage of contained iron materially raised 


The intensity of this | 


ing point. Under these circumstances two samples were 
forwarded for testing, of which No, 1, containing 44 per 
cent. of iron, had a melting point of 700° C.; whereas No. 
| 2, containing 5 per cent. of iron, does not melt at 700°, 
and only softens somewhat above that temperature, 
but undergoes incipient fusion at 730°. 
| Aceording to Faraday, aluminum ranks very high 
among wmetallie conductors of heat and electricity, 
and he found that it conducted heat better than 
either silver or copper. The specific heat is also very 
high, which accounts for length of time required for 
an ingot of the metal to either melt or get cold after 
| being cast. 

Chemically, its properties are well worthy of study. 

Air, either wet or dry, has absolutely no effect on 
aluminum at the ordinary temperature, but this pro- 
perty is only possessed by a very pure quality of metal, 
and the pure metal in mass undergoes only slight 
| oxidation even at the melting power of platinum. 

Thin leaf, however, when heated in a current of 
oxygen, burns with a brilliant bluish white light. 
(Experiment shown.) If the metal be pure, water has 
no effect on it whatever, even at a red heat. Sulphur 
land its compounds also are without action on it, while 

under the same circumstances nearly all metals would 
| be discolored with great rapidity. (Experiment shown 
jusing silver and aluminum under the same condi- 
| tions.) 

| Dilute sulpharie acid and nitrie acid, both diluted 
and concentrated, have no effect on it, although it 
may be dissolved in either hydrochloric acid or caustic 
lalkali. Heated in an atmosphere of chlorine it burns 
with a vivid light, producing aluminum chloride. 
(Experiment shown.) In connection with the subject 
it may be of interest to state the true melting point of 
the double chloride of aluminium and sodium, which 
has always been given at 17C° to 180° C., but which Mr. 
Baker, the chemist of the works, finds lies between 125° 
and 130° C,. 

USES OF ALUMINUM. 





Its uses, unailoyed, have heretofore been greatly re- 
|stricted. This is, I believe, alone owing to its former 
| high price, for no metal possessing the properties of 
jaluminum could help coming into larger use if its 
|cost were moderate. Much has been said as to the im- 
possibility of soldering it being against its popular use, 
but I believe that this difficulty will now soon be over- 
come. The following are a few of the purposes to 
| which it is at present put: Telescope tubes, marine 
| glasses, eye glasses, and sextants, especially on account 
| of its lightness. Fine wire for the making of lace, em- 
| broidery, ete. Leaf, in the place of silver leaf, saber 
| sheaths, sword handles, ete., statuettes and works of 
jart, jewelry and delicate physical apparatus, culi- 
jnary utensils, harness fittings, metallic parts of sol- 
diers’ uniforms, dental purposes, surgical instruments, 
reflectors (it not being tarnished by the products of 
combustion), photographic apparatus, aeronautical 
and engineering purposes, and especially for the mak- 
ing of alloys. 
ALLOYS OF ALUMINUM. 
The most important alloys of aluminum are those 

made with copper. These alloys were first prepared 
by Dr. Perey, in England, and now give promise of 
being largely used. The alloy produced by the addi- 
tion of 10 per cent. of aluminum to copper, the maxi- 
mum amount that can be used to produce a satisfac- 
tory alloy, is known as aluminum brenze. Bronzes, 
however, are nade which contain smaller amounts of 
aluminum, possessing in a degree the valuable proper- 
ties of the ten per cent. bronze. According to the per- 
centage of aluminum up to 10 per cent., the color varies 
from red gold to pale yellow. The 10 per cent. allo 
takes a fine polish, and has the color of jewelers’ gold. 
The 5 per cent. alloy is not quite so hard, the color 
being very similar to that of pure gold. I am indebt- 
ed to Prof. Roberts-Austen for a splendid specimen of 
erystallized gold, as also for a mould in which the 
gold at the Mint is usually cast, and in this I have pre- 
pared ingots of the 10 and 5 per cent. alloy, so that a 
comparison may be made of the color of these with a 
gold ingot cast in the same mould (for the loan of 
which I have to thank Messrs. Johnson, Matthey & 
| Co.), all of which are before you. 
| Ihave also ingots of the same size, of pure aluminum, 
from which an idea of the relative weights of gold and 
aluminum way be obtained. 

To arrive at perfection in the making of these alloys, 
not only is it required that the aluminum used should 
| be of good quality, but also that the copper must be of 

the very best obtainable. For this purpose only the 
best brands of Lake Superior copper should be used. 
Inferior brands of copper or any impurities in the alloy 
| give poor results. The alloys all possess a good color, 
polish well, keep their color far better than all other cop- 
per alloys, are extremely malleable and ductile, can be 
worked either hot or cold, easily engraved, the higher 
grades have an elasticity exceeding steel, are easily 
cast into complicated objects, do not lose in remelting, 
jand are possessed of great strength, dependent, of 
\2ourse, on the purity and percentage of contained alu- 
minum. The 10 percent. alloy, when cast, has a tensile 
strength of between 70,000 and 80,000 lb. per square 
inch, but when hammered or worked, the test exceeds 
100,000 lb. (A sample shown broke at 105,000 Ib.) 

An attempt to enumerate either the present uses or 
| the possible future commercial value of these alloys is 
beyond my present purpose. I may, however, remark 
that they are not only adapted to take the place of 
bronze, brass, and steel, but they so far surpass all of 
those metals, both physically and chemically, as to 
make their extended use assured. (Sheets, rods, tubes, 
wire, and ingots shown.) 

But even a more important use of alaminum seems 
to be its oe in the iron industry, of which it 
promises shortly to become a valuable factor, owing 
to certain effects which it produces when present, even 
}in the most minute proportions. Experiments are now 

being carried on at numerous iron and steel works, in 
| England, on the Continent, and in America. The re- 
|sults so far attained are greatly at variance, for while 
| in the majority of cases the improvements made have 
| encouraged the continuance of the trials, in others the 
| Tesulte have not been satisfactory. On this point I 
| would wish to say to those who may contemplate mak- 
ing use of alaminum in this direction, that it would be 
advisable before trying their experiments to ascertain 








called aluminum alloys contain little or no alawinum, 
and this nay doubtless account for the negative results 
obtained. Again, cthers contain such varying propor- 
tions of carbon, silicon, and other impurities as to ren- 
der their use highly objectionable. 

It seems to bea prevailing idea with some _—_ 
that because aluminum is so light compared with iron, 
they cannot be directly alloyed, and furthermore 
that for the same reason alloys made by the direct 
melting together of the two metals would not be equal 
to an alloy where both wetals are reduced together. 
Now, of course, this is not the case. and the statement 
has been put forward by those who were only able to 
make the alloys in one way. 

Aluminum added to molten iron and steel lowers 
their melting points, consequently increases the fluidity 
of the metal, and causes it to run easily into moulds 
and set there, without entrapping air and other gases, 
which serve to form blow holes and similar imper- 
fections. It is already used by a large numberof steel 
founders, and seems to render the production of sound 
steel castings more certain and easy than is otherwise 
possible. 

One of the most rewarkable applications of this pro- 
erty which aluminum possesses of lowering the melt- 
ng point of iron has been made use of by Mr. Norden- 
feit in the production of castings of wrought iron. 

Aluminum forms alloys with most other metals, and 
although each possesses peculiar properties which in 
the future may be utilized, at present they are but lit- 
tle used. 

In conclusion, I beg to call your attention to the 
wood models on the table, one being representative of 
alaminum, the other aluminum bronze. The originals 
of these models are now in the Paris exhibition, each 
weighing 1,000 lb. With regard to the aluminum 
bronze, I cannot speak positively, but the block of 
pure aluminum is undoubtedly the largest casting ever 
made in this most wonderful metal. 

I have to thank the directors of the aluminum com- 
pany, and especially Mr. Castner, for furnishing me 
with the interesting series of specimens of raw and 
manufactured metal for illustrating my discourse. 





INDUSTRIAL APPLICATIONS OF THERMO- 
CHEMISTRY. 


By SAMUEL RIDEAL, D.Se., F.LC. 


THE study of the heat changes in chemical reactions 
during the last few years has thrown light on numer- 
ous problems of theoretical chemistry, and the labors 
of Julius Thomsen in Copenhagen, Berthelot in Paris, 
and many other investigators, have given us an ac- 
cumulation of data which are now of value in several 
directions of applied chemistry. The fundamental 
principles upon which the value of thermo-chemical 
determinations depend are very simple. Some of the 
earlier work by Laplace, Lavoisier, Andrews, Favre, 
and Silbermann showed that the amount of heat 
evolved in the combination of two substances to form 
anew compound was equal to the amount of heat or 
other form of energy required to resolve the compound 
back into its constituents. This law, it will be seen, 
is in aecord with the principle of the conservation of 
energy, and has been of value in determining the 
amount of work required to be done in effecting the 
decomposition of salts by electrolysis, and in many 
other directions. The second important theorem also 
seems to be universally true, and is in accord with the 
belief in the dissipation of energy. It may be called 
the law of maximum work, and be thus shortly stated : 
Every system of bodies tends to undergo that internal 
change that will develop the most heat. There are 
many familiar examples which may be cited in illus- 
tration of this principle. There are, for example, two 
oxides of hydrogen, water H.O and hydrogen peroxide 
H.0,; also carbon forms the two oxides CO and CQ. 
The heats of formation of these bodies from their 
elements have been known for some time, and they 
prove that the heat of formation of water is greater 
than that of hydrogen peroxide; but the heat of 
formation of carbonic acid is greater than that of car- 
bon monoxide. Now, when hydrogen burns in air or 
oxygen, no hydrogen peroxide is produced, and when 
earbon burps no carbon monoxide is formed. Thus in 
these two cases the compound produced is the one 
which gives out the greatest amount of heat. The 
notation employed by chemists to denote the amount 
of heat change is easily understood. Thus the expres- 
sion [H., O] = 68,400 is used to denote the heat of 
formation of water, and states that when 2 grammes 
of hydrogen are converted into water, an amount of 
heat equal to 68,400 gramme degrees, or sufficient to 
raise 68,400 grammes of water from 0° C. to1° C., is 
evolved. 

If we take the equation 


H:0 + Cl, = 2HCI1+ 0 


and examine the heat changes involved in the reaction, 
we find that the amount of heat required to decompose 
atmolecule of wateris less than that evolved in the 
formation of two molecules of hydrochlorie acid in 
solution in water. Thus 


[H,Cl,Aq] = 39.300 
..  H,O+Ch = 2HCI+0 
68,400 78,600 


There is consequently, in such a change, an evolution 
of about 10,000 heat units, and we should therefore ex- 
pect that chlorine and water would not bea stable 
mixture, which is known to be the case. 

In many cases, the heat of formation of a body can 
only be indirectly determined. For example, marsh 
gas (CH,) and ethylene (C.H,) cannot be produced 
synthetically from their elements. We can determine, 
however, the difference in the amount of heat evolved 
when marsh gas (CH,) is burnt, and a mixture of car- 
bon and hydrogen in the same proportion. The differ- 
ence between the quantities of heat evolved in these 
two cases—since the products are the same in each— 
will be the amount of heat evolved in the production 
of marsh gas from its elements. The apparatus re- 
quired for determining accurately the quantity of heat 
given out in any chemical change necessarily varies 
with the state and kind of materialsemployed. Julius 
Thomsen uses a silver calorimeter surrounded by an 
outer platinum vessel containing water constantly 
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mix, and the increase of temperature is measured by a 
thermometer immersed in the liquid. If the specific 
heat of the solution be known, and the amount of heat 
absorbed by the various parts of the apparatus has 
been determined, the total quantity of heat evolved by 
the reaction of known weights of the substances is 
then easily calculated. In experimenting with gases, 
Berthelot has obtained good results by means of a 
bomb-shaped glass vessel, into which the gases are 
introduced by narrow tubes, and the products of com- 
bustion caused to pass through a spiral tube surround- 
ing the vessel. The whole apparatus is immersed in a 
known weight of water, from the increase of tempera- 
ture of which the heat evolved in the reaction can be 
calculated. 

Perhaps the earliest application of the principles of 
thermo-chemistry to the elucidation of problems out- 
side the domain of theoretical chemistry was the deter- 
mination of the e.1.f. of various forms of battery cells 
from the heat of combination, found by Julius Thom- 
sen, for the salts of zinc and copper and nitric and sul- 
pharic acids. Professor (. C. Foster, using these data, 
found that when 65 grammes of zine are dissolved in a 
battery cell, 49,105 gramme degrees of heat are render 
ed available for conversion into work in a Smee’s cell, 
52,847 in a Daniell’s element, and 90,162 in a Grove’s 
cell. Multiplying each of these numbers by the me- 
chanical equivalent of heat, 4°2 x 10°, and dividing by 
19,010, the quantity of electricity required to electrolyze 
a gramme wolecule, we get 

0°886 x 10" as the e.m.f. of a 
1156 x 10° ” 1 
1°991 x 10° 


These results agree very closely with the values ob- 
tained by experiment, and would approximate still 
more nearly to the actual values if there were no 
wasteful action in the cells. More recently Nernst has 


Smee’s cell. 
Daniell’s cell. 
Grove’s cell. 


“ sc 


studied the heat of formation of some mercury com- | 


pounds, and with his data the calculated e.m.f. of va- 
rious galvanic elements containing mercury as one pole 
is brought into agreement with the observed values. 
Dieulafait also, some years ago, published a series of 
papers in the Comptes Rendus on the applications of 
thermo-chemistry to geological problems. The inquiry 
was necessarily limited to the formation of those miner- 
als which had been produced at ordinary temperatures 
from substances in aqueous solution. It is obvious 
that, at different temperatures and under different 
conditions, very different amounts of heat will be 
evolved in the formation of the same substances, and 
in all applications of thermo-chemical methods this 
must be constantly borne in mind, or very erroneous 
conelusions may be arrived at. This variation in the 
amount of heat depends, among other things, on the 
change in the specific heat of the products with rise of 
temperature. hus, for example, if 2 grammes of 
hydrogen unite with oxygen to form water at a tem- 
perature of 18° C., 68,360 heat units are evolved ; while 
if the reaction takes place at 200° C., the heat produced 
is diminished to 58,230 gramme degrees. As an exam- 
ple of the problems which M. Dieulafait has worked 
out, we may take the following. which is based on the 
thermo-chemical data, given by him as under: 


Heat nnits evolved, 


2FeO0+0 te oo ne eee eee 26,600 
2Mn0+0O, = 2MnO,.................. 21,400 
FeO+2CO, = 2FeCO, ... ....... «0. 10,000 
2MnO + 2CU, = 2MnCOs .....00......4. 13,600 


It follows from the above data, if the law of maximun | 


work be true, that when oxygen and carbonic acid both 


in excess come in contact with silicates, ete., contain- | 


ing the oxides FeO and MnO, no carbonates will be 
formed ; but both oxides will be converted into the 
higher oxides Fe,Q; and MnO,. If the gases are not in 
excess, we should expect FeO; and MnCO; to be pro- 
duced, and no MnO, and FeCO;. Since manganese 
carbonate is readily soluble, these considerations ex- 
plain the formation of manganese minerals compara- 
tively free from iron, from rocks in which iron is pre- 
sent in considerable quantity. Ferrous carbonate 
(spathic iron ore, clay iron stone) cannot be produced 
under these conditions, and will only be formed ina 
reducing medium. Among natural compounds, that 
which has the greatest heat of formation should con- 
stitute the principal mineral if all minerals had been 
deposited from aqueous solutions. The common 
inanganese compounds, with their heats of formation, 
are: Mn8, 22,600; MnO, 47,400; MnCO,, 54,200; and 
MnO,, 58,100. Of these, the latter, pyrolusite, is the 
one whien is most abundant, while the sulphide, with 
the smallest heat of formation, is comparatively rare. 

Thermo-chemical considerations also throw light on 
the association of minerals. Thus thesum of the heats 
of formation of zine sulphate and calcium carbonate is 
greater than that of zine carbonate and caicium sul- 
phate, while that of zine carbonate and magnesium 
sulphate is greater than that of zine sulphate and mag- 
nesium carbonate. We should, therefore, expect to find 
zine sulphate associated with limestone rocks, and zine 
carbonate, or calamine, with dolomitic rocks and Epsom 
salt springs. It seems probable that further investiga- 
tion would show that many such geological facts could 
be explained in a similar manner. It is well known, 
for example, that the magnesium silicate minerals are 
very stable in character, and are not acted upon by 
earbonic acid and water; while the alkaline and lime 
silicates are readily attacked. The formation of gyp- 
sum from lime rocks by sutphureted hydrogen, and 
its subsequert alteration, the origin of heavy spar, of 
sulphur in Italy, and the formation of strontianite, are 
all definite chemical changes, which would probably 
be explained if sufficient thermo-chemical data were at 
the disposal of the geologist. 

It is, however, in the applications of the funda- 
mental principles of thermo-chemistry to some of the 
chemical manufacturing processes that the most inter- 
esting and valuable results have been obtained. F. 
Fischer, in a recent paper on the “ Utilization of Heat 
in Chemical Operations,” has drawn attention to the 
fact that when a gas is given off in any chemical opera- 
tion, the gas, in overcoming the atmospheric pressure, 
does mechanical work. It is easy to calculate the amount 
of heat required to liberate 1 kilog. molecule of any 
gas at 0° C. or any other temperature from a surface of 1 
sq. m. The actual pressure of the atmosphere under 
ordinary conditions on 1 sq. m. is 10,366 kilog., and 
dividing this number by 425, the value of the mechani- 
cal equivalent of heat in meter kilogrammes, we get 


cub. m. of any gas. As the killogramme molecule of 
all gases occupies 22°3 cub. m., it follows that 542 heat 
units are absorbed in every chemical reaction in which 
a kilogramme molecule of gas is evolved at0°C. At 
any higher temperature, the volume of gas being 
greater, more work is done, and a greater quantity of 
heat is required. The exact figure is obtained by mul- 
tiplying the number 542 by the expression (1+-0°00866¢) 
whine t isthe temperature of the gas. The heat which 
is absorbed in this way by a gas as it is formed is 
evolved again a’ soon as the gas is absorbed by a 
liquid, as is the case in the oxidation of Weldon wud 
or the manufacture of bleaching powder. The total 
amount of heat produced in burning one unit weight 
of coal must be divided into available heat, and the 
quantity required by the formation of the gaseous 
products at the temperature of the furnace. The 
amount of heat required to accomplish this work is, 
as a rule, very came compared with the total amount 
of heat evolved in a chemical change, and may, in 
most cases, be disregarded. 

Thermo-chewistry has been applied to several of the 
methods used or proposed in the alkali industry by 
Fischer, Pourcel, and others. Thus the source of all 
free chlorine or hydrochloric acid must be one of the 
common chlorides, viz., sodium chloride, magnesium 
chloride, or calcium chloride. The heats of formation 
of these bodies are, according to Thomsen : 


Nas, Cl.] = 195,380 ° 
Mg, Cll = 151.010 
Ca, Cl} = 169,820 


From these chlorides, chlorine can be obtained by 
electrolysis, and these numbers give approximately the 
amount of energy required to effect their my 
tion, assuming that the liberated metal remains free. 
Chlorine can also theoretically be obtained from all 
chlorides by the action of oxygen thus 


M’'Cl,.+0=M"0+Cl,, 

and hydrochloric acid by the action of steam, 
M’Cl.+H.O=M’O-+2HCI, or 
M’Cl =H,O=MHO+HCl. 


If we examine these equations thermo-chemically in 
each special case, we require, in addition to the heats 
of formation of the chlorides, the following thermo- 
chemical data: 


Nas,O]= 80,400 |Mg,O] = 144,000 
CaO) =130,900 [Na,O,H,Aq] =101,900 
H,Cl] = 22,000 0 = 68,360 


[Hs,O] as steam —57,000. 


Applying these data, we get the following series of 


equations : 
Heat required. 


. (1) 2NaCl+O = Na,O-+Cl, 
—195,380 80,400 151,000 

(2) MgCl.+O = MgO0+Cl, 
—151,000 144,000 7,000 

(3) CaCh+O = Ca0+Cl, 
—169,820 -+-130,900 39,000 





It will be seen that, in order to decompose sodium 
\chloride by oxygen,:an enormous amount of heat 
| would be required, while the decomposition of mag- 
| nesium chloride by ignition in a current of air requires 
|comparatively only a small amount of heat, and is, 
|from a thermo-chemical point of view, the most fea- 
'sible of the three methods. As far back as 1870, Larkin 
}and White obtained provisional protection for obtain- 
ing chlorine by the reaction of oxygen upon metallic 
chlorides at a high temperature, and various attempts 
| have since been made to manufacture chlorine in this 
|}manner. In the simple equation 


2HCI+0 H,0-+Cl, 
44,000 57,000 

the reaction is one which evolves 13,000 heat units, 
and will take place when started without the further 
}addition of heat, if the apparatus be properly con- 
|structed to prevent loss of heat by radiation. In the 
| Deacon and Kingzett process, this change is effected, 
{and Kingzett has also shown that the decomposition of 
|dry magnesium chloride by air takes place in a heated 
|tube. Mond’s experiments with nickel oxide and am- 
|/monium chloride are also reactions which belong to 
this class; but the thermo-chemical data are not avail- 
lable for fully studying the changes which occur. In 
'the Weldon-Pechiney process, a mixture of chlorine 
,and hydrochloric acid is obtained by heating the hy- 
|drated magnesium oxychloride in a current of air at 


1,000° C. In the three equations 
> Heat units 
required. 
2NaCl+- H,O = Na,O ote 2HCI 
— 195,380—57,000 -+ 80,400 -+-44.000 128,000 
MgCl.+H:0 = MgO + 2HCIl 
—151,000—57,000 +144,000 +- 44.000 20,000 
CaCl.+H:0 = CaO + 3HCl 
—169,820—57,000 +130,900 +- 44,000 52,000 





| we see that less heat is required to form hydrochloric 
| acid from ——o chloride by the action of steam 
|than from sodium or calcium chloride. The Weldon- 
| Pechiney process then would not seem to be applicable 
|to the decomposition of any of these other chlorides 
without the expenditure of a large amount of heat, 
|and magnesium chloride is a far more suitable material 
/for the generation of chlorine or hydrochloric acid 
| than calcium chloride. It will be seen, therefore, that 
|in the Weldon-Pechiney process 7,000 heat units are 
| required to form 71 kilog. of chlorine gas, and 20,000 
| units to form 73 kilog. of hydrochlorie acid. Fischer 
| has calculated the amount of heat required in raising 
| the materials to the temperature of the reaction, which 
| has to be added to the heat required to do the chemi- 
|eal work in the process. Assuming that 36°5 kilog. of 
hydrochloric acid are evolved to every 35°5 kilog. of 
chlorine, he finds that 36 kilog. of steam and 8 kilog. of 
oxygen eee in the shape of 200 cub. m. of air will 
be required. Knowing the specific heats of all the 
materials, no less than 135,000 heat units are requi 
to obtain all these bodies at 1,000° C., and of these 62,000 
units are utilized in raising the temperature of the 200 
cub. m. of air. The total amount of heat consumed is 
still further increased by the loss of heat by radiation 
of the brick work. 
Pourcel has also used Berthelot’s numbers for show- 
ing the amount of heat required in the ammonia soda 








24°38 as the number of heat units required to form 1! process, and has pointed out the advantages to be de- 


rived from using magnesia in the place of lime for de- 
composing the amwonium chloride produced. 

Inthe Leblane process for waking salt cake, it is 
well known ‘that the evolution of hydrochloric acid 
takes place in two stages, represented by the equations 


(1) NaCl + H.SO, = NaHSO, + HCl 
(2) NaCl + NaHSO, = Na,SO, + HCl 


and that the second of these reactions requires a con- 
siderable amount of heat; while, for the former, 
scarcely any heat is required. 

Thermo-chemistry affords an explanation of these 
facts, as will be seen from the data given by Fischer: 


Heat required, 
NaCl + H,8O, = NaHSO,+ HCI 
800 


— 97,700 — 193,000 + 267,800 + 22,000 = 
2NaCl + H.8O, = Na,SO, + 2HCI 
—195,400 — 193,000 +- 328,500 + 44,000 = 15,800 

The number of heat units—15,800—required to do 
the chemical work represented by the last equation is 
considerably short of the total heat required to effeet 
the change ina salt cake furnace. We have seen al- 
ready that heat is required for the mechanical work 
done by the gaseous hydrochloric acid in overcoming 
atmospheric pressure, and in addition heat is used in 
heating the sodium sulphate produced, as well as the 
water which takes place in the reaction, As the hy- 
drochloric acid is evolved ata temperature of about 
400°, some heat is also carried away by it. Fischer has 
calculated that the total quantity of heat utilized in a 
sulphate furnace in this way is about 66,000 units ; 
while, on condensing the hydrochloric acid and steam 
in water, about 45,000 units are removed by cooling. 
The actual amount of heat utilized in effecting the 
purely chemical part of the process is, therefore only 
about a quarter of the amount of heat consumed. 

Other interesting results are obtained in applying 
thermo-chemical data tothe chemical changes involved 
in the recovery of manganese in the Weldon recovery 
process. It is well known that the formation of Weldon 
mud by oxidation with air sets heat free. so that the 
change, when once started, takes place without the ap- 
— of any additional heat. If we compare the 

eats of formation of [Mn, O, H.O] = 94,770 and [Mn, 
Ox, HO] = 116,330, we see that this is what might be ex- 
peeted. In liberating chlorine by the action of hydro- 
chloric acid upon this compound, no heat is necessary, 
as will be seen from the equation 


—116,300 — 148,000 + 128,000 + 205,200 = + 68,900, 


In this last equation, it is assumed by Fischer that the 
body written MnoO,'OH, is a definite compound, and 
that in the decomposition by hydrochloric acid the 
third molecule of water is produced from the hydrogen 
and oxygen in the compound, 

To take one other illustration from the alkali indus- 
try, we know that in the manufacture of a chlorate, 
merely warming the solution of hypochlorite first pro- 
duced is sufficient to complete the change. If we ex- 
amine the equation 

8KCIOAq = KCIO;Aq + 2KCIAq 
—3 X 88,000 + 85,800 + 202,000 = + 23,800 


we notice that heat is evolved in the change, and 
therefore we should expect the hypochlorite to be un- 
stable and readily transformed into a mixture of chlor- 
ate and chloride. 

In a recent paper communicated to the Iron and Steel 
Institute, Mr. Poureel has endeavored to apply the 
data of thermal chemistry to metallurgical reactions. 
Unfortunately for readers of this paper, the author has 
adopted Berthelot’s data, cahentahod on the old system 
of atomic weights; and although the conclusions 
will be true, whatever system of notation be em- 
ployed, yet it would have been better for modern 
readers to have had the formule of the reacting sub- 
stances giving in the usually accepted form. In this 
part of his paper he first refers to the conclusions 
which MM. Troost and Hautefeuille arrived at from 
their experiments on the heats of formation of the com- 
pounds of iron and manganese with carbon, silicon, 
phosphorus, and suipbur. Their ————— prove 
that the iron carbides are formed with absorption of 
heat, and that consequently they are unstable bodies, 
so thaton cooling, pig iron parts with its carbon and 
disengages a certain quantity of heat. By rapid cool- 
ing this dissociation of the unstable iron carbide is pre- 
vented, and white pig iron is produced. On the other 
hand, their investigation has shown that manganese 
earbide is produced with evolution of much heat, and 
is therefore a very stable body. It is therefore highly 
probable that the manganese present in pig iron and 
steel exists there as acarbide. In the Bessemer con- 
verter this compound resists decomposition for a longer 
time than the other bodies present in the pig iron em- 
ployed. In their examination of the compounds of 
silicon with iron and manganese, they noticed a similar 
difference. The iron silicides are unstable, being pro- 
duced with absorption of heat, and will therefore be 
readily oxidized to silica and metallic iron in the Besse- 
mer converter. The manganese silicides, on the other 
hand, are stable compounds, and are produced with 
evolution of heat, but less than that of the manganese 
carbide. 

In the Bessemer process, then, the oxidation of the 
materials takes place in the following order: (1) Iron 
silicide ; (2) manganese silicide ; (3) manganese carbide. 
Phosphorus forms stable compounds with both iron 
and manganese, and henee the difficulty of removin 
this element from pig iron. With sulphurthe compoun 
Mn8S is formed with the evolution of about twice the 
amount of heat yielded in the production of the iron 
sulphide FeS. The former is therefore the more stabie, 
while MM. Troost and Hautefeuille have further shown 
that there appears to be present in pig iron an iron 
sulphide, which is formed with absorption of heat, and 
therefore unstable in character. In the combustion of 
iron silicide in a Bessemer converter. the oxygen is 
derived from the reduction of the oxide FesQ, to FeO, 
and since we have seen that iron silicide is a body of 
beg!’ unstable character, the heat of combustion of it 
to SiO. and FeO is greater than the amount of heat 
absorbed in the decomposition of the three molecules of 
Fe,0, to 9FeO + Os, which is necessary to supply the 
— uired by the change. 

‘ourcel further shown that the thermo-chemical 
data for the phosphide and carbides of iron, as deter- 
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mined by Troost and Hautefeuille, are sufficient to ex- 

plain the fact that ‘it is perfeetly possible to eliminate 

the earbon and the phosphorus simultaneously in the 
presence of an alkaline base or lime.” In the acid 

converter, the phosphide of iron cannot be oxidized, | 
since, then, the algebraical sum of the heat units of the | 
materials present is negative. He concludes frow his | 
investigation that silica cannot decompose phosphide 
of iron, and that the temperature plays only a subordi- | 
nate part in the elmination of the phosphorus. Un-| 
fortunately the data at present available are insuffici- | 
ent to follow all the chemical changes involved in the | 
formation of steel, and it is also important to recollect 

that the chemical changes are not the only work which | 
the heat accomplishes. At high temperatures such as | 
are required in these metallurgical operations, dissoci- 

ation phenomena take place, and the changes of state | 
are accompanied by changes of the specific heat of 

the materials, in a manner which at present is unex- | 
ylained by any experimental evidence. Those who} 
nave endeavored to show the value of thermo-chemis- 

try in explaining industrial problems have drawn at-| 
tention to this want of data, and have also pointed out 

that any conclusions based upon thermal chemistry | 
must be accepted with caution, for the reasons already 

stated.—/ndustries. 





BRIN'S OXYGEN WORKS. 


THE last annual meeting of the Society of Chemical | 
Industry was brought to a conclusion by a series of 
visits which had previously been arranged by the Lon- 
don committee. Not the least interesting part of the 
day’s programme was the visit paid to the works of 
Brin’s Oxygen Company (Limited), Horseferry Road, 
Westininster. There were more than one hundred 
members present, and they were received by Mr. 
Ellice-Clark, chairman of the company, Mr. Henry 
Sharp, Mr. Elias, and Dr. Leonard Thorne, chemist to 
the company. Before proceeding on the work of in- 
spection Mr. Ellice-Clark briefly but clearly described 
the principle of Brin’s process, and also referred to the | 
opposition which the company had had to contend | 
with (although successfully), in order to assure con- | 
sumers of oxygen that what they supply is really made} 
by the barium method. He added that the works are 
experimental in character. The members then in- 
spected the plant and the method of working it. le 
have ona former occasion explained the principle of 
Brin’s proceas, but we may again state that it takes ad- 
vantage of the faet. first noticed by Boussingault, that, 
when barium oxide (Ba) is heated to low redness in a 
earrent of air, it takes up oxygen, becoming barium 
dioxide (BaO,), and ata higher temperature is recon- 
verted into the lower ogide and free oxvgen. In work- 
ing the precess on a commercial scale the company has 
had numerous difficulties to overcome—chiefly in re- 
gard to the construction of the apparatus—but as 
viewed, the process now seems to be as perfect as it can 
be. The barium is bought in the form of the nitrate, 
and teeonyerted into the oxide by simply roasting in 
claperucibles. After being broken into pieces the size 
oFe walnut, it is ready for the retorts. Obviously when 
once packed in them it lasts almost for ever, as the 
only possible loss which it can suffer is from the oc 
easional pounding which it is submitted to, owing to| 
its refusion. Now as to the process itself. The air is | 
drawn in from the outside by means of a pump, and 
passes through a cylinder filled with quicklime, then 
through a smaller one filled with caustic soda. These 
serve to remove from it the moisture, carbonic acid | 
gas, and other chemical, as well as mechanical, im 
purities of the London air. So purified, the air is 
forced along to the retorts, but before it gets there it 
is received into a small vessel which acts as a kind of | 
buffer and woderates the jerky movement caused by 
the pulsations of the pump into a steady flow, so that | 
the baryta in the retorts is not disturbed. Meanwhile 
the retorts have been heated up toa temperature of | 
600° C. Here we may say that there are two retort fur- 
naces at the works. In the one first constructed the 
retorts are placed horizontally. These are not now | 
used, for their place has been taken by a furnace in| 
which the retorts are placed vertically. Each retort is | 
an iron tabe about 8 inches in diameter and 7 feet long. 
In each one a small air tube passes right down to the | 
bottom, so that the air must pass up through the | 
whole of the baryta, which was impossible in the case 
of the horizontal retorts. For ten minutes the air is 
forced into the retorts, then pumping ceases, a valve 
is opened which allows the nitrogen to escape, the 
temperature is brought up to 800° C., and a reversal of | 
the pumps serves to draw away the oxygen which the 
increased temperature dislodges from the baryta. In 
the course of two hours about 12,000 cubie feet of air 
are acted upon, and it is evident that the process is | 
practically continuous. The oxygen is stored in or- 
dinary gasometers, from which it is taken as required 
and compressed into tubes. The members had every 
opportunity of inspecting all parts of the plant and 
process and this they took full advautage of. A selee- | 
tion of beverages aerated with oxygen were submitted ! 
for tasting, and met with the approval of the com- | 
pany.—Chemist and Druggist. 





SPONTANEOUS IGNITION. 


Dr. RoBERT HIRSCH writes on this subject in the 
Chemiker Zeitung as follows: Like explosions in the 
manufacture of nitroglycerine, fires have at all times 
haunted the manufacture of aniline. They mostly ori- | 
ginated in the manufactnre of nitrobenzol, without the | 
cause being ascertained by subsequent investigation. 
During the last past years more or less destructive ex- 
plosions and conflagrations have oceurred in English | 
factories which, in want of any better explanation, 
were attributed to workmen smoking tobacco or to} 
the lighting of matches and other exterior causes. Hav- 
ing recently had an oceasion to watch a case of spon- 
taneous ignition, I feel bound to commuuicate my ob- | 
servations. | 

As is known, the nitrating acid is through an S-| 
shaped tube run into the apparatus which is furnished | 
with astirrer. By a satetas toluol had been run into | 
the apparatus by the same tube, and a few c. cm. of it} 

ad remained in the tube. When now the acid mixture 
came into contact with the toluol, the liquid in the 
tube became at once heated and white vapors were 
evolved. The workman had the laudable pluck to 


|the stirrer is again put in 


| time and money. 
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pull out the tube, and in the moment when he threw it 
away, ignition took place. 

Spontaneous ignition can also occur when, pur- 
posely or accidentally, the stirring apparatus is stopped 
while the acid mixture is still flowing into the ap- 
paratus. In that case it sinks through the light hydro- 
carbon without surrendering its nitrie acid. If then 
i notion, an exceedingly 
strong heating of the mixture suddenly takes place, 
which can increase to ignition. If several apparatus 
are connected with one another, perhaps by a common 
outlet pipe for the escaping nitrous acid, ignition and 
sometimes explosion occurs in all the apparatus. 


OXALIC FERMENTATION, 


HERR W. ZopF records the discovery of a remarkable 
Saccharomyces, to which he gives the name S. Han-| 
senié, in which the power of producing alcohol is re- | 
placed by that of producing oxalic acid. It was culti-| 
vated on beerwort gelatine and flesh peptone gela-| 
tine, which it softened without liquefying. 





On beer- 
wort, sugar solutions, mannite, ete., it produces a 
pellicle which rapidly precipitated. Cultivated on a 
solid substratum, it produces endogenous spores 
from 2 to 4 w in diameter, usually only one, less often 
two, in each mother cell. Scarcely a trace of alcohol 
could be detected in the flaids in which this microbe 
had been cultivated, while, on the other hand, crystals 
of calcium oxalate were formed, sometimes in very 
large quanfities, in the same way as with other well | 
known producers of oxalic acid, such as Penicilliwm | 
and Sclerotinia. The production of crystals of oxalate | 
was obtained from the following carbohydrates, viz., | 
Galactose, grape sugar, cane sugar, wilk sugar, and 


maltose, also from duleite, glycerine, and mannite. It| 
| 





is possible that the further investigation of this inter- | 
esting organism may throw light on the so common 
cium oxalate in the form 


production of erystals of cal 
of raphides in plants. 
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